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INTRODUCTION 


In beginning the study of chemistry, the student may wonder 
at the large number of facts hitherto unknown to him. Many 
chemical processes are used daily, but entirely without con- 
sciousness on the part of the student. Every breath means 
chemical changes occurring in the lungs; every bite of food taken 
goes through that wonderful and mysterious human laboratory 
consisting of the mouth, stomach and intestines. Only in rare 
instances, when some antagonistic substance has been taken, 
does he realize that any changes have occurred. 

The clothing may be cotton or wool; or it may be mercerized. 
Again it may be made of artificial silk. It is usually dyed — 
sometimes with the natural dyes, but more often with the prod- 
ucts of the chemist’s art, ever increasing the number of shades 
to meet the passing fancy. 

The houses we inhabit may be of wood or stone, or they may 
be of concrete. The nails of iron or steel, the mortar to hold 
together the bricks or stones, the paint to give it a pleasing 
appearance, the glass in the windows and roofing paper, now 
widely used, are all subjects for study in the field of chemistry. 

The filaments of the electric lights, the gas used to cook our 
food, the coal used to heat our rooms, the paper used in the 
books and magazines we read, thfe money we spend to purchase 
them, the medicines we take when ill, or the beautifying (?) 
cosmetics all offer a most interesting opportunity for the student 
to study along chemical lines, and to apply this knowledge to his 
advantage. 

The importance of chemistry either as a science or in its prac- 
tical bearings cannot be overestimated. It is the corner stone 
of medicine, pharmacy, sanitation, agriculture and other 
sciences. Chemistry is the ruling factor of practically all of the 
leading industrial plants of the world, and is being regarded with 
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greater respect by all manufacturers every year. Industrial 
laboratories are becoming more numerous as manufacturers 
realize the need of chemical control in order to secure uniforoiity 
of products. Where the chemist was formerly looked upon as a 
needless luxury, he is now considered an absolute necessity in 
competitive big business, and it is not unusual to find a dozen or 
more chemists, and in a few instances as many as a hundred 
chemists employed by a large firm. 

During the World War the importance of the chemist %vas 
realized more than ever. Chemistry offered very effective 
weapons against the enemy and while during the first part of the 
war, as during the twenty or more years immediately before the 
war, Germany realized the importance of chemistry more than 
the Allies, this condition did not last. Had cither side realized 
at the beginning the effectiveness of the various gases used at 
the end of the war, either the war would not have been started, 
or it would have been over in a few weeks. What will happen in 
the next great war no one can predict, but it is sufficiently clear 
that the nation that can make the most effective use of chemistry 
will have the best chance of winning. This statement is made, 
not to glorify war, but to show the student tha»t the Nation can- 
not afford to overlook any opportunity of giving thorough 
training in chemistry to all who may wish to take up the study 
in great detail. 

Beginning the study of chemistry is similar to beginning the 
study of a foreign language. You cannot expect to know very 
much in a year of high school chemistry; but it is possible for 
every student to grasp some of the fundamental laws and their 
applications in everyday life. Just as dawn follows darkness so 
will you gradually see light in your study of this most fascinating 
subject. When the student once realizes that he cannot avoid 
chemistry even if he tries; that there is nothing in the material 
universe that is not a part of chemistry; that the elements of his 
own body are the same as those found in the earth; and that his 
body after death will eventually decompose and become part of 
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Other compounds, he will begin to comprehend the vastness of 
the subject and not become discouraged if he fails to understand 
everything clearly at the beginning. Diligent study, with ques- 
tions about the more difficult portions, will work wonders. 




CHEMISTRY IN EVERY- 
DAY LIFE 


CHAPTER I 

PHYSICAL AND CHEMICAL CHANGES; ELEMENTS * 
AND COMPOUNDS 

1. Matter and Energy. In the study of chemistry the stu- 
dent will be considering both matter and energy. The customary 
definitions of physics may be taken to explain these terms, but 
the emphasis in chemistry is upon matter %n its various changes^ 
rather than upon matter as a carrier of energy, as in physics. 
Energy plays an important part, however, in chemistry, either 
being necessary to bring about many of the changes in matter, 
or being set free by the changes that occur. 

2, Relation of Physics to Chemistry. In spite of the differ- 
ent emphasis m the two studies, many topics belong equally 
well to either science, while others are treated only in physics or 
only in chemistry. In the following diagram, if the topics 



Fig 1 Relation of Chemistry to Physics. 
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belonging only to chemistry are written in the triangle marked 
C, and those belonging to physics in the triangle P, the diamond- 
shaped portion would contain the topics belonging equally well 
to both. 

Some of the topics belonging to both sciences are gas laws, 
specific heat, specific gravity, solubility, fusion, vaporization, 
molecular weight, solidification, electrolysis, etc. 

" 3. Physical States. Matter may be divided into solids, 
liquids, and gases. In a solid there is usually no tendency to 
change either shape or volume; in a liquid the volume will 
remain constant, but the shape will be that of the containing 
vessel; while in a gas neither volume nor shape will remain 
constant. 

4. Physical Properties. The term ^Troporty^' means a dis- 
tinguishing mark or characteristic, which serves to identify the 
substance. Physical properties are the common physical char- 
acteristics. For example, the chief physical properties of gases 
are six — color, odor, taste, weight, solubility and liquefaction. 
In §30 may be found the list of chief physical properties of 
other substances. 

6. Chemical Properties refer to the behavior of the sub- 
stances, instead of the appearance. For convenience we may 
group the chemical properties of an element around three heads: 
(1) its relation to combustion; (2) its action when brought into 
contact with metals, or electro-positive elements; (3) its action 
when brought into contact with non-metals, or electro-negative 
elements or groups. The chief chemical properties of compounds 
include: (1) its relation to combustion; (2) its action when 
heated alone ; (3) its action when heated with another substance ; 

(4) its action when placed in a solution of another substance; 

(5) its action when in solution and poured into another solution. 
See §30. 

6, Physical Changes refer to the changes in the general 
appearance of a substance which do not alter its composition. If 
we heat a piece of ice it turns to water; if we heat the water it 
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turns to steam; and if the heat is removed, the steam will be- 
come water, and the water finally turns back to ice. There has 
been no change in the essential nature of the substance. Many 
physical changes reverse by a simple reversal of conditions. 

7. Chemical Changes refer to changes in the composition 
of the substance, which make it something else, differing in one 
or more ways from the original substance. If we heat some sugar 
strongly, we obtain a black substance with a disagreeable od5r. 
Water has been driven out and carbon is left. We cannot, 
however, recover our original sugar by mixing water with the 
carbon. Note also the souring of milk; the rusting of iron; etc. 
A chemical change is not, however, necessarily permanent, 
since many chemical changes are reversible — that is, they work 
both ways — and the reversal may sometimes be brought about 
by a simple reversal of conditions, as when mercuric oxide is 
only moderately heated until part of the oxygen is driven off 
and the color has changed from bright red to nearly black. If 
the heat is removed and the black powder is poured off where it 
c‘omes in contact with the air, oxygen is taken up readily and the 
bright red color appears. That we have our original substance 
may be proven by repeated heatings and coolings, provided we 
do not heat the oxide strongly enough to drive off all of the 
oxygen, leaving only mercury, which will remain practically 
unaltered in the air. 

8, Comparison of Physical and Chemical Changes. The 
following brief table shows the essential differences between 
physical and chemical changes; 

Physical Changes 

Always accompany chemical 

changes. 

Changes in shape, size or state. 


Chemical Changes 

Need not accompany physical 
changes, 

May change shape, size, state, 
odor or color. 
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Need not be permanent, bnt Need not be permanent, bnt 
may be. are so more frequently than 

m physical chanp;es. 

L)o not produce chan.i>,e in com- Produce change in <!omposi- 

position. lion. 

Reversal of process often Simple reversal usually does 
brings back the original sub- not bring back the original 

•stance. substance, but more elabo- 

rate processes may do so. 

9. How Can We Tell a Chemical Change? In deciding 
whether we have a chemical or physical change, the final proof 
must he in knowing that we have a change in composltiony 
with corresponding changes in the properties. While we may 
not be able to tell easily in some experiments, there are c(n-tain 
evidences of chemical change, and the probability that the 
change is chemical increases as the evidence multipli(\s. 
(1) There may be a change in the color ^ as when sugar is strongly 
heated. (2) There may be a change in statCy from a solid to a 
liquid or a gas, or vice versa, particularly when two solutions 
are mixed, or when wo pass the electric current through a(‘idii- 
lated water, but not when water is heated. (3) All chemical 
changes involve a change in the temperature^ but there may be 
change in the temperature without producing a (chemical 
change. Thus if magnesium ribbon is held in the Buns(m flame 
the ribbon burns to magnesium oxide, but a piece of glass does 
not burn. (4) Changes of odor indicate a chemical change, as 
when we rub some ammonium chloride and slaked lime with 
our hands. (5) If other properties change, giving evidence of a 
change in composition^ it is good evidence of a chemical change, 
but for a beginner an absolute knowledge of changes of composi- 
tion is impossible, so that he must rely more upon the changes 
in physical properties to guide his judgment. 

10* Things To Watch. In determining whether we have a 
chemical change, and to tell what kind of change we have 
brought about, we must watch carefully the following points: 
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(1) We must know the 'properties of the factors or 'what we use. 

(2) We must study carefully all that occurs during the progress 

, of the experiment. 

(2) We must remember that no matter what we do, we can 
never create nor destroy 'matter however much we may 
change its form and appearance. 

(4) We must know the properties of the products, or what 'we 
obtain, and compare them with the original properties. - 

11. Physical Division. It is often necessary to divide a 
substance into very fine particles in order to obtain the best 
results in a chemical experiment. Physical division is accom- 
plished in one or more of four methods — we may cut a sub- 
stance with a knife; crush it; grind it in a mortar; or we may 
dissolve it in water or some other substance. (See Chapter 5.) 
These methods leave the substance as it was originally, except 
that in the solution of certain g ubstances in water, the very small 
particles probably are separated into what are known as ions, 
or electrically charged atoms. (See §101, ff.) However, it is 
usually possible to cvapoiate the water from a solution and to 
obtain the original substance. 

12. Limits of Division by Solution. When we have dissolved 
some sugar in water, we find that if properly mixed, all parts are 
equally sweet, which leads to the conclusion that the sugar is 
equally distributed throughout the solution. 

If we use some of the aniline dyes we find that it is possible to 
add water to the solution until by weight we have only one part 
of the dye to several million parts of water, but the color is still 
visible. The color will gradually become weaker and weaker 
until it finally disappears entirely. What waB the condition of 
the dissolved sugar or dye? We say, for want of a better 
explanation, that the division has been carried to the point of 
obtaining the molecules of the substance, the word meaning 
small body.” 

13. Chemical Division. By adopting suitable methods we 
may break up a substance chemically. It will then no longer 
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act as it did in the beginning of oui' experiment but will exhibit 
properties that are in general very much different. Common 
salt is made up of two substances, sodium and chlorine, cliQini- 
cally combined, and the salt will dissolve quietly in water. 
Sodium, however, acts very differently from salt when placted 
in water. The sodium will spin around and eventually disappear 
and may exhibit a flash of flame, caused by the combustion of 
some of the hydrogen which the sodium liberates from the 
water. The other part of the salt, chlorine, is a greenish yellow 
gas of a very disagreeable odor, dangerous to breathe, just as the 
sodium and water combination would be dangerous to drink. 
How different from the common salt which everyone desires 
each day^ 

14. Methods of Chemical Division. There are four methods 
of dividing a substance chemically: 

{ 1) By he<,iL If wc heat some potassium chloratn it will be 
broken up into oxygen and potassium chloride. 

(2) By a chermcal reagent Very often when one chemi<‘.a,l 
substance is added to another, particularly when the substances 
have been previously dissolved in water, the two substances 
will each be broken up and a new combination will occur, pro« 
ducing usually two or more substances differing from the original 
material used, l)ut containing all of the constituent parts of the 
original. Thus, when a solution of silver nitrate is added to a 
solution of common salt we obtain a white curdy precipitate of 
silver chloride in a solution of sodium nitrate. 

(3) By the electric current Many substances in nolution, 
and sometimes when fused, yield their constituent parts when 
the electric current is passed through them. Thus, acidulated 
water (i.e, dilute sulphuric acid) will yield hydrogen and 
oxygen. In the same manner, using carbon electrodes, hydro- 
chloric acid will yield hydrogen and chlorine. 

(4) ^ By light Light much less frequently plays the part of 
breaking up a chemical compound, but is sometimes very active 
towards chemical substances. The process of making a photo- 
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graph is due largely to the action of light upon the materials 
used. 

16, Limits of Chemical Division. When we have reached 
the limits of chemical division we have divided the molecule 
into its parts and have reached what Dalton called the atom. 
We shall see a little later that the present theory of chemistry 
carries the division still farther, but we shall not yet enter into a 
discussion of the theory. When a substance is divided into ihe 
atoms it usually takes on different characteristics, one of which 
is the tendency to combine, 

16. Combination of Atoms. When two or more atoms of the 
same kind unite they form what is called a simple molecule 
containing only one kind of matter. When two or more atoms of 
different kinds unite they form what is called a compound mole- 
cule. As an example of the formation of simple molecules, the 
atoms of hydrogen liberated in the electrolysis of dilute sulphuric 
acid, combine to form molecules of hydrogen. This kind of action 
occurs when there is nothing else present with which the hydro- 
gen can react. If the hydrogen liberated in the atomic condition 
comes m contact with many substances, however, it will react 
with them forming compound molecules. Hydrogen thus 
acting in the atomic or ionic condition is often called nascent 
hydrogen, or hydrogen just being borUj and is much more active 
than a stream of hydrogen from the generator. 

17. What holds the atoms together? In some respects the 
force holding the atoms together resembles cohesion, particu- 
larly in the case of simple molecules, but with compound mole- 
cules the force seems to correspond more nearly to magnetism. 
Like any other force it may be either strong or weak; but if it is 
to act at all the atoms must be separated by only very small 
distances. This force may be helped by heat, light, electricity or 
reagents in many cases, but on the other hand there are instances 
where these agencies act as a hindrance rather than as a help. 

18. Classification of Chemical Substances. Chemical sub- 
stances are either compounds or elements. When the elements 
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join chemically they form a chemical compound. When chemical 
compounds or elements are simply 7 mxcd together without chem- 
ical combination they form a mechanical mixture. Thus gold, 
silver, lead, copper, etc., are elements, salt, sugar, borax, or 
soda are chemical compounds; but. if they were all mixed to- 
gether without chemical union they would form a mechanical 
mixture. 

49. The Old Ideas of Elements. For many years the term 
element was taken to mean ^^something to which all other 
substances may be reduced, and different thinkers, without 
trying to investigate the subject experimentally, chose different 
common things as ^'primal matter'^ water, air, earth and fire 
being the ones usually chosen. 

20. The Present Idea of an Element is, that the substance can 
not be divided into two or 7nore simpler substances j and the attempt 
to reduce all substances to any one materixil substarice has long 
been abandoned; moreover, it appeals that the number of 
elements is increasing rather than decreasing. The list of ele- 
ments is changed to some extent from time to time as new sub- 
stances are classed as elements. The peculiar behavior of 
radium has led to a different theory known as the electron theory 
which is, in brief, that all substances consist of electrical charges, 
the number and grouping oj the charges determining the nature 
of the ^^elcment.” This theory will be explained more in detail 
in connection with the discussion of radium, Chapter 23. 

21. The Common Elements, A list of the common elements 
with which the student is expected to become familiar is given 
at this time, together with some of the common elemental con- 
stants that are used in the study of chemistry. The student is 
expected to memorize the symbol, valence and atomic weight of 
carbon, chlorine, copper, hydrogen, iron, nitrogen, oxygen, 
potassium, sodium, sulphur and zinc at this time in order to be 
able to work simple problems and equations as soon as possible 
without having to refer to the table. The others may be learned 
as studied in the text. 
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List of Common Elements 


Blame nt 

Symbol 

Ord%naiy 

Approximate 



Valence 

Aiomw Weight 

Aluimnuni 

Al 

3 

27 

Antimoni (vStibmm) 

Sb 

3 

120 

Arsenic 

As 

3 

75 

Barium 

Ba 

2 

137 

Bismuth 

Bi 

3 

208 

Boron 

B 

3 

11 " 

Bromine 

Br 

1 

80 

Cadmium 

Cd 

2 

112.5 

Calcium 

Ca 

2 

40 

Carbon 

C 

4 

12 

^Chlorine 

Cl 

1 

35.5 

Chromium 

Cr 

2, 3 or 6 

52 

Cobalt 

Co 

2 

59 

Copper (Cupium) 

Cu 

1 or 2 

63 5 

’^Fluorine 

F 

1 

19 

Gold (Aurum) 

All 

1 or 3 

197 

* Hydrogen 

H 

1 

1 

Iodine 

1 

1 

127 

Iron (Ferrum) 

Fc 

2 or 3 

56 

Lead (Plumbum) 

Pb 

2 

207 

Lithium 

Li 

1 

7 

?.Ia^ine"uum 

Mg 

2 

24 

Manganese 

Mn 

2,4or7 

55 

Mercury (Hydrargyrum) 

Hg 

1 or 2 

200 

Nickel 

Ni 

2 or 3 

58.5 

Nitrogen 

N 

3 or 5 

14 

OX'i GEN 

0 

2 

16 

Phosphorus 

P 

3 or 5 

31 

Platinum 

Pt 

4 

195 

Potassium (Kahum) 

K 

1 

39 

Silicon 

Si 

4 

28 

Silver (Ai gen turn) 

Ag 

1 

108 

Sodium (Natrium) 

Na 

1 

23 

Strontium 

Sr 

2 

87.5 

Sulphur 

S 

2, 4 or 6 

32 

Tin (Stannum) 

Sn 

2 or 4 

119 

Zino, 

Zn 

2 

65 
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In order to enable the student to see at a glance certain prop- 
erties of the elements, the names of the metallic element are 
'printed in ordinary type^ as Aluminum, while the names of , the 
non-metallic elements are printed in stnall capitals, as Ausenic. 
Latin names are given in parentheses. Liquids are underscored ; 
gases are marked with an ; the others are solids. A complete 
list of the elements, with their symbols, valences and atomic 
weights, may be found on the back cover page. The symbol is 
the abbreviation for an element used in writing formulas and 
equations — a sort of chemical shorthand. The valence means the 
combining power, more fully explained in Chapter 9. The atomic 
weight means the relative weight as compared with oxygen 
(16) or with hydrogen (1). Since the real ratio of oxygen to 
hydrogen is 15.879 instead of 16 the atomic weights differ some- 
what in the table given on the back cover page. In the ad j oining 
table the a'pproxim.ate weights are given and the student should 
use these in all of his computations unless more exact weights 
are called for. 

Of these 37 elements 14 are non-metals and 23 are metals. 
At ordinary temperatures 5 are gases, 2 are liquids, and 30 are 
solids. 

22. The Abundance of the Elements. In his work entitled 
^^Data of Geochemistry/’ Prof. F. W. Clarke, Chief Chemist of 
the United States Geological Survey, gives the following data 
concerning the relative abundance of the elements: 

The specific gravity of the crust of the earth for the fix'st 10 
miles is not less than 2.5 and not more than 2.7. 

By weight the total material is divided into three parts 



Betweeix 

and 

Atmosphere 

0.03 

0.03 

Oceans (hydrosphere) 

7.08 

6,58 

Crust (lithosphere) 

92.89 

93,39 


100.00 

100.00 
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The relative percentages of the elements are given as follows: 


Element 

Lithosphere 

Hydrosphere 

Average with 
Atmosphere 

Oxygen 

47 33 

85.79 

50 02 

Silicon 

27 74 


25 80 

Aluminum 

7 85 


7.30 

Iron 

4 50 


4 18 

Calcium 

3 47 

0 05 

3.22 

Magnesium 

2 24 

0 14 

2 08 , 

Sodium 

2 46 

1 14 

2.36 

Potassium 

2.46 

0 04 

2 28 

Hydrogen 

0 22 

10.67 

0 95 

Titanium 

0 46 


0.43 

Carbon 

0 19 

0.002 

0.18 

Chlorine 

0 06 

2 07 

0 20 

Bromine 


0 08 


Phosphorus 

0 12 


0 11 

Sulphur 

0 12 

0 09 

0.11 

Barium 

0 08 


0 08 

Manganese 

0 08 


0.08 

Strontium 

0 02 


0.02 

N itrogen 



0.03 

Fluorine 

0 10 


0,10 

All others 

0 50 

Total 

0.47 

100.00 


From this it may bo seen 
that the eight most abund- 
ant elements constitute 
more than 97% by weight 
of all materials that make 
up the earth. (See Fig. 2.) 

Of the 83 elements now 
recognized, less than one- 
half are common, and not 
more than one-fourth are 
necessary for civilized life. 

The estimation for the 
composition of the oceanic 
salts may be found in §118. 



Fig, 2 Percentage of the Elements. 
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Alchemical Signs 

kiR 

A A 


FIRE AIR 


WATER 

- 

LEAD Tin iron gold 

^ ^ ^ I o 

ARUA ViTAE 

CINNABAR ^ 


BORAX 

OR 


arsenic 

O O 



O 
O O 


CAPUT MORTUUM AN OIL 

OR, 


COPPER, mercury silver antimony to PURlPY 


C 5 Y 

SALTPETRE MAGNET SAL AMMONIAC SULPHUR 

o'V ^ 

ARTAR A COVERED POT TO 3 uaklM£ TO FRECIPiVaTE 

Fig. 3. Alchemical 8ign« and Symbols. 


During the Middle Ages when little chemistry was known 
the alchemists used various signs and symbols for elements^ 
compounds and processes that cannot be read without a key, 
^See Figs. 3 and 4.) 





Fig. 4. Alchemical Representation of Processes 
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23. Classification of Chemical Compounds. Chemical 
compounds are usually divided into two large groups; the first 
consisting of those not containing carbon; the second those that 
do contain carbon. It has long been customary to call the carbon 
compounds organic, from the old belief that they must be 
derived from living organisms, but this theory has long been 
abandoned. The logical name, therefore, for the non-carbon 
compounds was inorganic compounds. Elementary chemistry 
deals largely with the non-carbon compounds. 

24. Formation of Compounds. Elements unite to form 
compounds. Sometimes only two elements are found in a 
compound, as when sodium combines with chlorine to form 
common salt, called in chemistry sodium chloride. At other 
times non-metallic elements unite to form what is called a 
radical. A radical usually passes from one compound to another 
without changing its form. The student should familiarize 
himself with radicals as soon as possible. A list of the more 
common radicals is given in § 1 55. The student should learn at 
this time the following radicals: NH 4 , NO 3 , C 2 H 3 O 2 , OH, 804, 
and CO 3 . If he thoroughly masters these six at this time he 
will have no difficulty in understanding all of the common illus- 
trations given, and his work will be much lighter. He should 
also remember where the list is found and refer to it as neccKSsary, 
In applying his knowledge of radicals the student should com- 
bine the ammonium radical with the others and then write 
combinations of the other common metals with the same acid 
radicals. He should accustom himself to think of the compounds 
in terms of the radicals from the first. He should think of the 
valence of the radical as well as the valence of the metal com- 
bined with the radical. Only in this way can he make rapid 
progress. 

26. Classification of the Non-Carbon, or Inorganic, Com- 
pounds. In accordance with their chemical behavior the non- 
carbon compounds are nearly all included in the following 
divisions: 
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(1) A cids. These are generally sour and consist of hydrogen 
in combination with a radical. They generally turn htmus and 
other vegetable colors red or pink, and have no effect upon 
phenolphthalein, unless it has been colored red by an alkali. 
The acid then removes the red color. Common examples are 
nitric, hydrochloric and sulphuric acids. 

(2) Bases, These are the opposites of the acids. Their 
taste is burning or bitter. Their action upon litmus is to turndt 
blue; other vegetable colors are turned blue or green; while 
phenolphthalein in the presence of a base turns magenta red. 
Examples are sodium hydroxide, potassium hydroxide and 
ammonium hydroxide. 

(3) Salts, Whenever an acid and a base are brought to- 
gether they react to form water and a salt, the name depending 
upon the acid and base used. Salts may be formed in several 
other ways, but for convenience they may be considered as the 
product resulting from the action of a base upon an acid. 
Examples are sodium nitrate, potassium sulphate, ammonium 
oxalate. 

Acids, bases and salts will be discussed more fully in Chapter 
8, but it is necessary for the student to begin to group his ideas 
around this central point, and to identify the common chemical 
substances as one of these three whenever possible. 

26. Reactions and Equations. Whenever chemical action 
occurs we have what is known as a reaction, and the result may 
be written in a concise form known as an equation; a shorthand 
statement of what has occurred. The substances put together to 
produce the reaction are known as factors (doers); the substances 
formed are known as products. The separation of the factors 
from the products in an equation is indicated by an arrow, the 
head pointing to the products. 

zinc sulphuric acid zme sulphate hydrogen 

Zn (solid) +H2SO4 (20% solution) ZnS04 (solution) -j- H 2 t 
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This should be read lu this manner: Zinc and dilute sulphuric 
acid will produce zinc sulphate and hydrogen. Later the student 
will learn how to read an equation more fully. When the a|:row 
points in both directions it indicates that the reaction may pro- 
ceed in either direction, as 

watei hj'drogen oxygen 

H2O (liquid) < — 5- H2 t (gas) + Of (gas) 

In any case the number of atoms of each element must be the 
same on both sides of the arrow. When the arrow points up- 
ward after an element or compound, it indicates that a gas is 
given off. When it points downward it indicates a precipitate. 
Other products are usually solutions, but may be liquids not 
containing a dissolved substance. 

27. Kinds of Common Reactions. There arc four kinds of 
common reactions in elementary chemistry. These are: 

(1) Analysis or decomposition^ whore a single substance is 
separated into elements or groups. Thus when potassium 
chlorate is heated 

potassium chlorate (heated) oxygen potassium chloride 
2KC10a (solid) — > 3O2 f ■+* 2KC1 (fused mass) 

Reduction, or the loss of oxygen or other electro-negative 
element thus increasing the relative amount of the electro- 
positive element is one form of analysis. 

mercuric oxide (heated) mercuiy oxygen 

2HgO (powder) 2Hg (liquid) + O2 f 

(2) Synthesis is where two or more elements unite to form a 
single compound: 

iron (filings) sulphur (heated together) ferrous sulphide 

, Fe (solid) -i- S (solid) FeB (solid) 

OxidaUon, or the decrease in the percentage of the electro- 
positive element is one form of synthesis. Reverse the equation 
given for reduction beginning with oxygen. 
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(3) Suhstitution, When one element in a compound is 
replaced hy another it is known as substitution; the replaced 
element is set free, at least temporarily. Many times a gas is 
given off which will escape into the air or into a special receiver. 
Thus zinc will replace the hydrogen of dilute sulphuric or hydro- 
chloric acid and set the hydrogen free. (See §26.) It is fre- 
quently stated that the zinc dissolves in the acid, but this is not 
strictly true for there is a chemical reaction between the twQ 
substances and we cannot get our zinc back again in the original 
form by evaporation, which we can do in a true solution. (See 
Chapter 5.) 

(4) Metathesis or Double Decomposition. When two solu- 
tions are mixed, there is very frequently a double decomposition 
and a recombination in a different manner. The metallic elements 
may be said to have changed places. If a solution of silver nitrate 
is mixed with a solution of sodium chloride, (common salt) the 
sodium of the salt exchanges places with the silver of the silver 
nitrate, forming silver chloride and sodium nitrate. All of the 
original material is still there, but it is arranged in a different 
manner. 

silver nitrate sodium chloride silver chloride sodium nitrate 

AgNOs (solution) +NaCl (solution)-^ AgClJ. (white ppt)+NaN 03 (sol) 

Usually the water in the solution does not take part in the 
reaction, but if it does it is called hydrolysis. 

28. Tests. Often during the course of an experiment a 
substance is obtained whose identity is not perfectly clear, or 
we may wish to verify our reasoning or belief that we have a 
certain compound. It is then necessary to apply what is known 
as a test. Certain acids, bases and salts in solution give us the 
common reagents used in testing. These may be added in 
small portions to some of the solution of the substance we are 
trying to identify, and the results obtained are compared with 
known results obtained when some of the same reagent is added 
to a solution of a known compound. Thus a test for sulphuric 
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acid or soluble sulphates is to add a few drops of barium chloride 
solution to the solution wc wish to test. A whii-c pr<icipitate, 
insoluble in water, alkalies or common acids, except coiK’.em 
trated sulphuric acid, indicates the presence of barium suliiliate, 
thus showing the presence of the BO 4 group in the original sohi- 
tion, the barium sulphate being formed by metathesis^ as in the 
equation 

barium chloride sulphuric acid barium sulphate hydrochloric acid 

BaCla (solution) + H 2 SO 4 — > . BaS 04 J, (white) + 2HC1 (solution) 

It is often necessary to apply more than one test to confirm 
results. The systematic testing of a substance to learn which 
substances it contains is qualitative analysis. If we learn how 
much of each substance is present it is quantitative analysis. 
Proximate analysis states the resuH/S as water, carbon dioxide, 
volatile matter, ash, etc. ; xiltiniate analysis states the results as 
hydrogen, oxygen, nitrogen, sulphur, etc. 

29. Importance of Chemistry* That chemistry ranks as a 
science may be seen from the fact that it can predict results when 
the conditions are known. Chemistry is more than a mere accum- 
ulation of facts. It is essentially a collection of related facts where 
the relations are known. Its laws may in many cases be proven 
by direct experiment, and where the student cannot prove 
absolutely it will be found that the statement of chemical law 
and theory will interpret the results we are led to expect. Some 
of the facts bearing upon the importance of chemistry were 
touched upon in the introduction, so that the student might 
grasp the significance of the study and the magnitude of the 
field. It may safely be said that if everything pertaining to 
chemistry could be destroyed nothing would remain. As an 
illustration of the importance of chemistry it is not at all uncom- 
mon for the dressed meat from an ox to be sold for less than the 
animal cost alive. How can the packing houses afford to do it? 
They are not in the business of supplying meat as a charitable 
organization, but by the development of by-products from the 
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parts an ordinary butcher would throw away they are enabled to 
sell meat at a price far below what it would cost if only the meat 
were sold. The natural growth of the packing houses may be 
seen from the following brief statement of the nature of the 
by-products from cattle, sheep and hogs. 

Hair is used for making curled hair for stuffing mattresses, 
for upholstering furniture, as a substitute for cameFs hair in 
making paint brushes, while the coarser varieties are used fof 
plaster retarder, and for making hair felt. 

Wool is used for making clothing, felt hats, carpets, rugs, 
and other finished articles. 

From the hard portions of the horns, hoofs and bones are 
manufactured hair pins, buttons, combs, crochet hooks, tooth 
brush handles, knife handles, umbrella handles, chessmen, dice, 
letter openers, napkin rings, and many other articles. From the 
softer portions are made, glue, gelatine, neatsfoot oil, bone meal 
for fertilizers, while further allied with these products are sand 
paper, emery paper, garnet paper and crystolon paper, wher^' 
the abrasive material is held on with glue. 

The hides are used for making leather of various kinds. The 
fats are boiled with alkalies to make soaps, which may contain 
glycerine, or the latter may be recovered as a separate product, 
or to be used in explosives. 

Rennet powder is the curdling ferment of the calf ^s stomach, 
and among other powders obtained in the meat industry are 
peptone, pepsin, thyroid powder, ox gall and pancreatin. 

Sheep intestines are used to make tennis strings, music strings, 
and surgical ligatures. 

Blood is used in making certain kinds of sausage; or it may 
be used as a fertilizer, the same as tankage, which is made from 
the trimmings and scraps. 

Oleostearin is a high grade neutral tallow used for candies, 
chewing gum, etc., while ordinary tallow, used in soaps; tallow 
oil used in compound lubricants; lard oil used as illuminating 
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oil in light houses^ locomotive head lights, etc., are some of the 
other by-products of the packing house industry. 

Some of the other industries are not so highly organized; but 
the time will conxe when every industry that hopes to survive 
will adopt the motto of the packing houses — ^^Nothing wasted.” 

The really practical chemist today must know more than 
merely how to mix things together from directions. He must 
^know the laws and theories of chemistry, so that when things go 
wrong he may be able to find and remedy the difficulty; he 
must be able to secure uniformity of products; he must be able 
to think out new methods of production without too elaborate 
experimentation which is expensive in time and money. 

A section of a modern industrial laboratory is shown in Fig. 5. 



Fig. 5. Part of a Modern Laboratory, Swift Co., 

Chicago. 

30. How to Study Chemistry. In the study of chemistry 
the student will find that he can make much more rapid progress 
if he will endeavor to group his ideas around certain important 
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points and follow a regular outline of study. In the following 
outline, which has been used very successfully, more topics 
have been included than will apply to every substance studied. 
If, for example, the substance is a gas such as oxygen, the first 
element studied, the student should learn the six common physi- 
cal properties and not attempt to apply the properties of liquids 
or solids. In the same manner he should not attempt to apply 
the chemical properties of compounds to oxygen, since oxygen’ 
is an element, and so on. 

Outline for Study 

Learn how to use the index. There are 2500 references to the 
mam topics. Consult the tables in the back of the book regu- 
larly. 

I. Occurrence. 

1. Free, If so, where, relative abundance, etc. 

2. Combined. If so, with which elements or compounds, 
abundance, etc. 

3. Chef sources of supply, location, etc. 

II, Preparation. 

1. If free, does it need to be separated from other 
elements or compounds mixed with it? 

2. If combined, how would you separate it from its 
combinations? 

3. Can you give any other common method of preparation? 

4. Why would you use the method given and the com- 
pound chosen? 

5. How would you purify the substance as prepared by 
your method? 

III. Physical Properties. 

1. The substance is a gas — Color, odor, taste, weight of a 
liter, solubility in water, liquefaction, any other 
special property. 
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2. The substance is a liquid — Color, odor, taste, solu- 
bility, specific gravity, boiling point, solidification 
point, any other special property. 

3. The substance is a non-metallic solid — Color, odor, 
taste, solubility, specific gravity, shape of crystals, 
result when exposed to the air, any other special 
property. 

4. The substance is a metallic solid — Color, luster, 
melting point, vaporization point, conductivity of 
heat and electricity, malleability, tenacity, breaking 
strength, hardness, specific gravity, any other special 
property. 

IV. Chemical properties. 

1. Relation to combustion — Does it burn in the air? 
In other gases? Docs it support the combustion of 
common materials? Of special substances? 

2. Combination with other substances. 

(a) The substance is an element — Does it combine 
with any of the metals? non-metals? Does it 
make the combinations by direct or indirect 
method? Does it react with any compounds? 

(b) The substance is a compound — What is the 
effect of heating? Does this reverse when 
cooled? What is the effect when heated with 
other selected substances? What are the chief 
reactions when in solution and mixed with other 
solutions? Does it react with substances not in 
solution? How does it ionize? How is it elec- 
trolyzed? Secondary reactions? Equations? 
(Some of these questions will not apply to certain 
compounds.) 

V, Uses. In the laboratory; in daily life; in commerce. 

The text will follow the outline very closely. The student 

should consult the outline constantly and see whether he can 
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answer the questions as applied to the substance he is studying. 
For this reason no lists of questions will be given at the end of 
the different chapters. Although the odor and taste are impor- 
tant physical properties, the student should be careful about 
smelling unknown substances, and should NEVER TASTE 
CHEMICALS unless so directed by the instructor. 

31. The Metric System is used exclusively in all scientific 
work. The more important tables for chemistry are the fol-"* 
lowing: 


Length 


Mass Capac- Length 

^tg 


Mass Capao- 
ity 


10 millimeters, —grams or —liters make 1 centimeter, 
10 centimeters, —grams or —liters make 1 decimeter, 
10 decimeters, —grams or —liters make 1 meter, 

10 meters, grams or liters make 1 Dekameter, 

10 Dekameters, — grams or — liters make 1 Hectometer, 
10 Hectometers, — grams or — liters make 1 Kilometer, 


—gram or —liter 
—gram or —liter 
gram or liter 
— gram or — ^liter 
— gram or — filter 
— gram or — liter 


In this table the units are the meters the gram and the liter. 
Under ordinary circumstances the only one larger than the units 
that finds practical use is the Kilogram. The prefixes have the 
following meanings: 


Prefix 

Meaning 

Abbreviated 

milli 

thousandth 

m. 

centi 

hundredth 

c. 

deci 

tenth 

d. 

Deka 

10 

D. 

Hecto 

100 

H. 

Kilo 

1000 

K. 


The units are abbreviated as follows: Meter m; gram g; 
liter 1. One letter used alone refers to the unit. If two letters 
are used the first refers to the prefix. Cubic centimeter is usually 
abbreviated cc. 
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TABLE OF ENGLISH AND METRIC EQUIVALENTS 

JMeasurbr of Length 

1 inch— 25.4001 mm. =2.54001 cm. 

1 foot ~0 304801 in. =30.4801 cm. 

1 cubic inch = 10 387 cc. 

1 meter =39 3700 in. =1.093611 yd. 

1 cm. =0.3937 in. 

IMeasukes of Weight 

1 oz. Av. =28.3495 g. 

1 lb. Av =453 59 g =0.45359 kg 
1 oz. Troy = 31 10348 g. 

1 grain = 64.7989 mg. = 0 647989 g 

1 kg. =2.2046 lb. Av. =35.2736 oz Av. =32.1507 oz. Trov = 15432 30 

grams 

1 g =0 03527 oz. Av. =0 03215 oz. Troy = 15.43236 grains. 

iMEAsnilKS OF CaI’ACTTV 

1 liquid qt. =946.33 cc =0.94633 I. 

1 fl. oz.=29 57 cc. 

1 11. oz, Apoth. =28.4123 cc. 

1 1.= 1.0567 qt (liquid). 

32. Problems. Thermometer changes. 

(1) To Change Fahrenheit to Centigrade- — Subtract- 32 from the F. 
readmg; multiply by 5, then divide by 9. 0 = 5/9 (F-32). 

(2) To Change Centigrade to Fahrenheit *-~-Multiply the C. reading by 
9; divide by 5; then add 32. F = 9/5 C-h32. 

The following table shows that these two methods are opposites: 

F to C 
read down 

subtract 32 add 

multiply by 5 divide by 

divide by 9 multiply by 

read up 
C to F 

(3) To Change Centigrade to Absolute: Add 273® to the C. reading. 

(4) To Change Absolute to CeuMgrade: Subtract 273® from the A. 
reading. 
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The abbreviations used are Cen- 
tigrade == C ; Fahrenheit ~ F ; Abso- 
lute— A. The temperature on the 
absolute scale is T; on the Centi- 
grade scale is t. Change of tem- 
peratuie is indicated by T' and t'. 

Figure 6 shows the comparison 
of the» temperature scales. ALL 
TEMPERATURES GIVEN IN 
THIS BOOK ARE CENTIGRADE 
UNLESS OTHERWISE STATED. 
The student should invariably use 
the metric system and decimal frac- 
tions unless otherwise directed. All 
decimal results should be carried to 
two places. 

Success in working the followmg 
problems depends upon ability to 
use positive and negative numbers. 

1. Change the followmg F. 
readings to C. 4000°; 259°; 10°; 
-10°,32°;0°, 70°; -80°; -459 4°. 

2 Change the following C. 
readings to F. 100°; 212°; 1050°; 
0°; 10°; -10°, -273°; -191°. 

3. Change all the readings of 
problems 1 and 2 to the absolute 
scale. 

4. Change the followmg abso- 
lute readmgs first to C then to F: 
10°; 27°; 85°; 273°; 400°. 

5. At what temperatuie are 



Fig 6 Comparison of Ther- 
mometer Scales. 


the readings on the C. and F. scales identical? 
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OXYGEN 

Symbol, O; Valence, 2; Atomic Weight, 16 

33. Occurrence. Oxygen occurs both free and combined. 
Free oxygen forms about 1/5 of the atmosphere. Combined 
oxygen forms about 1/2 of the earth^s crust, 8/9 of water by 
weight, and is found in nearly all animal and vegetable sub- 
stances. It has been estimated that the atmosphere contains 
fully 1,250,000,000 tons of oxygen, or enough to last for 1,000,000 
years without renewal. 

34. Preparation. The methods of preparing oxygen depend 
upon whether we wish (1) to separate it from the other gases of 
the air, where it exists uncombined; or (2) to obtain it from coni’- 
pounds. The separation of oxygen from the air is not suitable 
for the small laboratory, but it is used in large industrial plants 
manufacturing oxygen for commercial purposes. 

In the preparation of oxygen in the laboratory, the compound 
selected for decomposition should (1) be abundant; (2) be 
reasonably cheap; (3) contain a high percentage of oxygen; 
(4) decompose without an excessive amount of heat; (5) not 
yield other contaminating gases. (These general principles 
apply to the preparation of any substance, modified as neces- 
sary.) In the laboratory, methods of obtaining oxygen by the 
use of heat are most frequently employed, but other methods 
using light, electricity or chemical reagents are sometimes 
used. These will be spoken of in order. 

35. Methods Using Heat. The best and cheapest method 
for the beginner is to heat to about 250® equal amounts of 
potassium chlorate and manganese dioxide, well mixed, in a 
vessel fitted with stopper and delivery tube. (See Fig. 7.) 
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Oxygen will be evolved if we heat the potassium chlorate 
alone, but it must be heated to about 450®. The final equation 
for the reaction in either case is written 

potassium chlorate potassium chloride oxygen 

2KCIO3 (crystals) 2KC1 (fused mass) + 362 ^ (evolved as a gas). 

At the temperature required for the mixture, the manganese 
dioxide does not evolve oxygen, but acts as a catalytic^ or con- ^ 
tact^ agent serving to bring 
about the decomposition of 
the potassium chlorate at a 
lower temperature than 
when it is heated alone. 

In general a catalytic agent 
brings about the reaction 
more easily, and is appar- 
ently not changed in the 
course of the reaction, but 
very frequently it under- 
goes a series of changes, 
and ends by appearing in 
the same form as when it 
was first mixed with the 
other substance. If the manganese dioxide is heated alone to 
about 600® it will give off 1/3 of its oxygen 

manganese dioxide oxygen manganomanganic oxide 

3Mn02 O 2 T + MmOi 

36. Certain Oxides of Metals will give off oxygen when 
heated. The oxides that are sometimes used are limited in 
number and consist of those where the force holding the metal and 
the oxygen together is small. The adjoining table shows the 
relative activity of the common metallic substances, the most 
active standing first. (Hydrogen is included because it acts 
chemically as a metal; arsenic and antimony act at times as 
metals.) 



Fig. 7 . Preparation of Oxygen from 
Potassium Chlorate. 
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Potassium The metals standing at the head of the list, 
Sodium potassium, sodium, etc., are very active chemi- 
Barium cally and combine vigorously with oxygen, sp that 
Strontium they are never found free in nature, and when svX 
Calcium free from their compounds they must he kejit 
Magnesium under a liquid free from oxygen, sucli as kerosene, 
Aluminum naphtha, etc. If the metals are exposcnl to the 
Manganese air they combine at once with oxygen, and the oxides 
Zinc are difficult to decompose even at high tempera- 

Cadmium tures. On the other hand, the metals that stand 
Iron lower in the list do not combine so readily with 

Cobalt oxygen, and may be kept in the air. It is difficult 
Nickel to cause the metals lowest in the list to (^oml)ino 
Tin with oxygen and when the combination is brought 

Lead about the compounds may bo decompos('(l again 

Hydrogen at only moderate temperature's. 

Copper 37. Limits 

Arsenic of Choice. 

Bismuth Even at thc^ 

Antimony lower end of 

Mercury the list wc arc 

Silver limited in our 

Platinum choice, since 

Gold gold, plati- 

num and 
silver do not form oxides 
readily, and are too expen- 
sive to use, so that practi- 
cally the best oxide for this 
purpose is mercunc oxide, 
since those above mercury, 
either require too high a 
temperature or have other 
objectionable features. (See 3^ Preparation of Oxygon from 

Pig. 8.) Mercuric oxide is, Mercuric Oxide. 




OXYGEN 


29 


however, too expensive to use regularly in the laboratory, 
and the proportion of oxygen obtained is so nauch less than 
that obtained from potassium chlorate that the student should 
always use potassium chlorate. The cost of oxygen from mer- 
curic oxide varies from 20 to 40 times as much as the cost from 
potassium chlorate depending upon the relative market costs of 
the compounds. 

38. Reversible Reaction. It is well to notice in connection 
with the decomposition of mercuric oxide that the reaction is 
reversible. (See §§26 and 188.) The oxide is prepared by 
heating metallic mercury; it may be either wholly or partly 
decomposed by heat. If only part of the oxygen is driven oif it 
will take up oxygen again from the air when it is poured from 
the tube, The equation for the reaction may be written 

mercuric oxide mercurous oxide oxygen 

2HgO (red powder) < — HgaO (black powder) -f 0 | (gas) 

39. Methods Involving the Use of Light. These are not 
used practically in the laboratory as a source of oxygen, but may 
be seen when chlorine water is exposed to light, or when green 
leaves, such as mint, are placed in a dish containing water 
charged with carbon dioxide. 

40. Methods Involving the Use of Electricity. Oxygen may 
be obtained by the electrolysis of a dilute acid, such as sulphuric 
or phosphoric, or by the electrolysis of a salt rich in oxygen such 
as potassium sulphate or sodium sulphate. When a dilute acid 
is used the process is usually called the electrolysis of water ^ but 
as will be found in Chapter 5 water does not ionize sufficiently 
to enable it to conduct the electric current On the other hand 
the dilute acid or salt solution does ionize, conducts the current 
and is decomposed, oxygen being set free in both cases, but when 
a dilute acid is used the oxygen is set free from the action of a 
part of the acid upon the water. Since the oxygen and hydrogen 
are obtained in the proportion to form water it looks like the 
electrolysis of water, but the decomposition of the water is brought 
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about by chemical methods. The method is not often used in the 
small laboratory but is used extensively by firms producing 
oxygen on a large scale. The oxygen is set free at the positive 
electrode, therefore acting as a negative or non-mctallic element, 
while the hydrogen is set free at the negative electrode, thus 
acting as a positive or metallic element. (See §209.) 

41. Oxygen from the Action of Chemical Reagents. Certain 
chemical reagents will evolve oxygen without the use of heat if 
properly mixed. Hydrogen peroxide when added to salts rich in 
oxygen, such as potassium permanganate or potassium dichro- 
mate, will produce an abundant evolution of oxygen. The two 
substances each lose oxygen and the atoms of oxygen unite to 
form oxygen molecules. Water may be dropped upon sodium 
peroxide (sold under the name of Oxone) and oxygen will be 
given off very freely. The yield averages 2.2 cubic feet per 
pound. While these methods are very convenient the materials 
are more expensive than potassium chlorate and should not be 
used by the student without special directions. 

42. Purification and Collection of Oxygen. The manganese 
dioxide, often carried over with the gaseous oxygen, may be 
washed out by passing the gas through a large delivery tube into 
a bottle partly filled with water. The delivery tube sho\ild reach 
almost to the bottom of the wash bottle so that the gas bubbles 
up through two or three inches of water. This bottle is fitted 
with stopper and delivery tube so that after the gas leaves the 
water, it passes through the second tube to the collecting bottles 
which are usually filled with water and inverted in the trough. 
The end of the delivery tube is placed beneath the mouth of the 
bottle and the escaping gas, being lighter than the water, rises 
through the water, forcing the latter out of the bottle by pres- 
sure. If the oxygen is wanted in a dry condition, it is passed 
through the U tube or straight tube filled with calcium chloride, 
which absorbs the water. (See Fig. 9.) It is often sold as a com- 
pressed gas in strong steel cylinders, the volume of the gas in the 
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various sized tanks being 
sufficient to occupy 50, 100, 
or 1000 cubic feet at ordi- 
nary pressure- 

43. Physical Properties, 

Pure oxygen is a colorless, 
odorless, tasteless gas. 

One liter of the gas weighs 
1.429 grams. It is 15.879 
times as heavy as hydrogen, 
and about 1.1 times as 
heavy as air. (Since the molecular weight of the oxygen mole- 
cule, O 2 , is 32, and the comparative weight for air is 28.95, the 
weight of any gas to air may be found readily by dividing the 
molecular weight of the gas by 28.95.) Oxygen is not very solu- 
ble in water, about 4 volumes of the gas dissolving in lOO 
volumes of water. Since oxygen is not very soluble it is difficult 
to liquefy, requiring a temperature of — 182.5^ at ordinary pres- 
sure. Liquid oxygen is usually obtained from liquid air by allow- 
ing the liquid to stand. The nitrogen boils off at — 193® so that 
after it has stood for a while at a slightly higher temperature 
nearly pure liquid oxygen remains. (See §81.) 

If liquid oxygen is allowed to evaporate rapidly under a pres- 
sure of a few millimeters of mercury, part of the liquid is con- 
verted into a solid having a temperature of about— 227°. 

44. Chemical .Properties. When substances are burned 
under ordinary conditions they form oxides. A piece of mag- 
nesium ribbon burns brilliantly and forms magnesium oxide, a 
white powder, which might be called magnesium ash; mercury 
forms mercuric oxide, a red powder or ash, but frequently the 
substances formed pass off in a gaseous condition, as when we 
light a candle, illuminating gas, or alcohol. In all these cases 
we form oxides, and we say that the substance burned in oxygen. 
We might, however, reverse the conditions and burn oxygen in 
an atmosphere of illuminating gas, (see Fig. 10) or hydrogen as 


a 



Fig. 9 . Calcium Chloride Tubes for 
Drying Gases. 
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easily as we burn illuminating gas, in the ordinary atmosphere 
or in oxygen. The principle is that the gases combine and when- 
ever we have chemical combination with light, we say that one 
gas burns in the other, but il is bot ter to say 
that we have a chemical combmafion of the 
two. In fact, as we sluill see a liti.lc later, 
we may have chemical combinations of two 
substances accompanied by light without 
having either air or oxygen present in the 
process. In the ordinary meaning of the 
words, oxygen supports combustion but does 
not burn, 

45. Oxygen Combinations. Oxygon en- 
ters into combination with nearly every 
known sulistance, the cxcH'ptions being 
fluorine and the rare gases of the atmosphere. 
In most cas('s the combinaiion is dire(;t, but 
as in the case of platinum and nitrogen, 
the combinatrion must sometimes be brouglit 
about by indirect nn^thods. In some the 
combination is very rapid, as may 1)0 8<'-en 
when we cut a piece of potassium or sodium, the bright sur- 
face becoming dim almost before we are able to mo its luster. 
Perfectly dry phosphorus will not burn in dry oxygcai. It 
is necessary to have traces of water vapor present as a cataly- 
tic agent, although it does not seem to take part in the reaction. 
Powdered willow charcoal burns with brilliant and nearly 
explosive violence if first heated to redness and dropped into a 
jar of oxygen. Many powdered metals, such as magnesium, 
aluminum, zinc or iron will burn with dazzling brilliancy. 

46. Oxygen in the Air. Pure air is about 21% oxygen. 
This may be determined in various ways, one being to burn out 
the oxygen with a piece of phosphorus held inside a jar inverted 
over water and after the resulting fumes of phosphorus pentoxide 



Fig. 10. Oxygen 
Burning in Illumi- 
nating Gas. 
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have reacted with water, the remaining gas is impure nitrogen, 
and the amount of oxygen present in the air may be determined 
by measuring the amount of water that has risen in the jar to 
take the place of the oxygen. The mtrogen in the air is not 
necessary for Hfe but dilutes the oxygen to prevent too rapid 
combustion of the tissues. Expired air has nearly 5% less oxy- 
gen than fresh air, the oxygen being used to form carbon dioxide, 
which in itself is not poisonous, but air containing much carbon* 
dioxide, is usually considered dangerous. (See §76.) 

47, Reduction and Oxidation. When a substance gives up 
oxygen or any other electro-negative substance so that the 
percentage of the metal or more electro-positive element is increased, 
the process is called reduction. On the other hand if the per- 
ccjitage of the more clectro-positivc element or metal is decreased 
the process is called oxidation. It should be noted carefully by 
the student that the names apply to the process rather than to 
the electro-negative substance involved. Thus in a broad meaning 
it IS possible to have a substance oxidized without having any 
oxygen used in the process. As an illustration of this let us look 
at the reaction between stannous chloride and mercuric chloride, 

stannous chloride mercuric chloride stannic chloride mercurous chloride 
SnCb + 2HgCl2 SnCh + 2HgCl j. 

In this case the stannous chloride has been oxidized by part 

of the chlorine to stannic chloride, reducing the relative proportion 
of tin in the compound, while the mercuric chloride has been reduced 
to mercurous chloride, with an increase in the proportion of 
mercury. 

However 

ferric oxide carbon monoxide iron carbon dioxide 
FeoOs + SCO 2Fe + SCOa t 

In this case the ferric oxide has been reduced to metallic iron 
and the carbon monoxide has been oxidized to carbon dioxide. 
Or, 

copper oxide hydrogen copper water 
CuO + Hs ^ Cu + H 2 O 
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Here the copper oxide has been reduced to metallic copper and 
the hydrogen has been oxidized to water. 

In all cases there has been no reduction without a correspond- 



ing oxidation. 

48. Kindling Tempera- 
ture. Oxidation may be 
either rapid or slow. The 
amount of heat evolved is the 
same in both cases, but in 
slow oxidation the heat is 
not so evident. If the oxi^ 
dation is ra'pid the process 


Fig. 11. The Gas Must Reach its 
Kindling Temperature Before it 
Can Ignite. 


is called combustion, and 
this is often accompanied by 
light, but fs 


light does not appear until the substance has 
reached what is called the kindling tempera- 
<ure which may be only a few degrees higher 
than the ordinary temperature, as in the case 
of phosphorus, but may be several hundred 
degrees higher. Often the heat generated by 
the combustion of the substance is sufficient 
to keep the temperature up to, or above, 
the kindling temperature, as in burning or- 
dinary illuminating gas and the combustion is 
continuous f unless the substance is cooled below 
the ignition point (See Pig. 11.) Some sub- 
stances, such as oily waste, oxidize slowly, 
but do not permit the heat to escape readily, 
so that the heat accumulates, and the tern- \ 
perature gradually rises until the kindling 
temperature is reached when flames appear 
and the combustion proceeds more rapidly. 




This is usually called spontaneous combus- piQ. 12. The Davy 
tion. The same action often occurs in piles Safety Lamp. 
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of coal. The Davy safety lamp (see Fig, 12) and its many 
modifications are illustrations of how the surrounding gauze 
conducts away the heat and prevents the outside gases from 
reaching the kindhng temperature. 

49. Classification of Oxides. From the experiments it will 
be noticed that when we form a metallic oxide by burning a 
metal in air or in oxygen and dissolve the oxide in water, the 
resulting solution will turn red litmus solution blue, or give e 
magenta color to phenolphthalein solution; while non-metals 
may be burned to oxides, which, when dissolved in water, will 
turn blue litmus red, or remove the color from reddened phenol- 
phthalein. From this it may be seen that the oxides of metals 
usually give hydroxides or bases, thus, 

magnesium oxygen magnesium oxide 

Mg + 0 MgO 

magnesium oxide water magnesium hydroxide 
MgO + HaO MgrOH)2 

while oxides of non-metals will give acids, thus, 

sulphur oxygen sulphurdioxide 
S 4- O 2 SO 2 T 

sulphur dioxide water sulphurous acid 
SO2 + H2O H0SO3 


See also §164. 

60. Uses of Oxygen. Oxygen is used in the oxyhydrogen 
and oxyacetylene burner; it is used in medicine where there is 
shortness of breath, or in the administration of nitrous oxide, 
(commonly called ‘%as'' §138). It is absolutely essential for 
life and for all ordinary combustion, as in a coal, wood or gas 
fire. It is used in the puhnotor, or lungmotor, to restore con- 
sciousness to a person overcome by gas, or when nearly drowned. 
Compressed oxygen is used in connection with the gas mask for 
rescue work. Fig. 13 shows a small commercial oxygen genera- 
tor to use with masks, to revive persons overcome by gas, etc. 
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51. Commercial Meth- 
ods of Preparing Oxygen. 

The chief c<)nuner(*i:U j'jroc- 
CHSCS in \im at. (lie present 
time for pr(‘p:M*ini2, oxygen 
are (1) the Ikpiefacdion of 
the air, whieli is allowed to 
stand until the nitrogen 
boils off; (see §81); and*(2) 
the electrolysis of dilute 
sulphuric acid; (see §209.) 

OZONM 

52. Ozone is Very 

Closely Associated with 

,, * Cl n/A Oxygen, The mune of the 

Fig. 13. A Small ( otiinK^Kual ()\yg(‘u 

Generator comes Irom tlu^ ( 

mea.ning ^Mo smell.’’ Tlierti 
arc numerous methods of preparing ozone but th(^ simpl(\st 
is to place a test tube over one of tlui electrodes of a Tcx'pltn*- 
Holtz or Wimshurst electrical machine, se])arati(^ the electrodes 
about an inch, and pass the spark through t he glass. A small 
portion of the oxygen of the air contained in thc^ tesst tube is 
turned to ozone. It is formed during tlumdor st.orms, and is 
said to exist in the air in very minute (piantities i\i all timers. 

r\3. Properties. Ozone has a strong, peculiar odor, some- 
what resembling sulphur dioxide, but not as suffocialing, 
although when inhaled in small quantities it affect;S the mem- 
branes. It may be condensed by cold and pressure to a sky- 
blue liquid that boils at — 1 lO'’, about the critical temperature of 
oxygen. When ozone is heated to 290® it is transformed into 
oxygen, and the volume of the latter gas is 50% more than the 
volume of the ozone used, showing that the molecular formula 
for ozone is O3. Ozone is more soluble than oxygen. Even at 
moderate temperatures ozone is a vigorous oxidizing agent, 
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acting upon many bodies that react only feebly with oxygen, 
if at all, such as indigo, silver, etc. It decomposes potassium 
iodide, setting the iodine free, so that filter paper saturated with 
starch paste and potassium iodide serves as ozone test paper, by 
turning blue in the presence of ozone. A very delicate test for 
ozone is fluorescein solution, having a strength of 1 part in 
1,000,000. The fluorescent color is destroyed by the action of 
the ozone, and it has been estimated that as little as 1/1,000,000 
milligram of ozone can be detected by this method. 

54. Relation of Ozone to Oxygen. The oxygen molecule is 
O2, while that of ozone is O3, showing that the molecular weight 
must be 48 instead of 32. It is 50% heavier than oxygen, and it 
is thought that the three atoms of oxygen forming the ozone 
molecule are compressed into the same space as that occupied 
by the two atoms in the oxygen molecule. Its vigorous oxidizing 
properties make it good for bleaching, deodorizing or purifying. 
It is frequently used to purify the air of crowded buildings, such 
as theaters. 

55. Allotropy. The occurrence of an element in two or more 
forms IS called allotropy, so that ozone is an allotropic modifi- 
cation of oxygen. Various other substances have the same 
peculiar property, carbon, phosphorus and sulphur being the 
best known examples. 

56. Problems. Molecular Weight and Percentage Composition. 

(1) To find the molecular weight of a compound from the formula it is 
necessary to know the exact composition of the compound; the atomic 
weight of each element in the compound, and the number of times each 
clement is taken. The atomic weight of each element in the compound is 
multiplied by the number of times the element is taken and the sum of these 
products gives the molecular weight Thus to find the molecular weight 
of nitric acid, HNO3, we add the atomic weight of hydrogen to the atomic 
weight of nitrogen and then add 3 times the atomic weight of oxygen, 
obtaining l-fl4 -1-48-63. In the same manner the molecular weight of 
sodium hydroxide, NaOH, is 23-1-16-1-1 =40; while that of sulphuric acid, 
H2SO4, IS (2Xl)+32-|-(4X16)-2-b32+64 = 98. 

(2) To find the percentage composition of a compound first find the 
molecular weight as explained above. Then multiply the atomic, or mul- 
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tiple atomic, weight of each element by 100 and divide the product by 
the molecular weight of the compound. If no more zeros are added the 
result gives the percentage in whole numbers. When the multiplication 
by 100 is omitted the result is in hundredths, meaning that percentage. 
Thus the percentage composition of sodium hydroxide is found as follows: 


23 (at.wt. of Na)X100 
40 (mol. wt” of NaOH) 
16 (at. wt. of 0X100 
40 

1 (at. wt. of H) X 100 


-57.5% of sodium 
40% of oxygen 


40 


=2.5% of hydrogen 


57.5%+40%+2.5% = 100% 


The 

The 

The 

The 

The 


percentage of each element in sulphuric acid is found thus: 
molecular weight of H2SO4 — 98. 

percentage of hydrogen 
percentage of sulphur 

percentage of oxygen 

Total for H2SO4 - 99.99999 


2X100 

98 

32X100 

98 

64X100 

98 


2.04081 


32.05306 


= 65,30612 


The total very seldom equals exactly 100 owing to unfinished divisions. 

1. Referring to the formulas of the substances given in the equations 
of this chapter, find the molecular weight of each compound. (Additional 
compounds may be selected from other parts of the text.) 

2. Find the percentage composition of the substances used in the pre- 
ceding problem. 

3. Which contains more hydrogen and how much — 25 gram.s of hydro- 
chloric acid or 25 grams of sulphuric acid? 

4. Arrange the following oxides of iron in the order of richnoss in iron: 
FeOj FcaOsj Fe304. 

5. If potassium chlorate, KCIOa, sells for 15 cents per pound, and 
mercuric oxide, HgO, for $1.20 per pound; taking the percentage of oxygen 
and the cost both into account which of these compounds should be used in 
the laboratory for obtaining oxygen? What was the relative cost? If the 
price of KCIO3 advanced to $1.00 per pound and that of HgD to $4,00 
what would be the Iratio of expense using these same substances for oxygen? 
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HYDROGEN 

Symbol, H; Valence, 1; Atomic Weight, 1.008 

67. Occurrence. Like oxygen, hydrogen occurs both free 
and combined; but differs from oxygen by being found almost 
exclusively in a combined form. Free hydrogen occurs in very 
small quantities in the gases that issue from oil and gas wells and 
from active volcanoes; in the atmosphere of the sun and fixed 
stars; and in meteorites. It is thought that hydrogen exists in 
large quantities in the extreme upper atmosphere. Combined 
hydrogen, however, is very abundant It is found combined in all 
adds and alkalies; it forms 2/3 of water by volume, and is found 
in thousands of carbon compounds, such as illuminating gas, oil, 
alcohol, sugar, starch, cellulose, etc. 

68. Preparation of Hydrogen. Since hydrogen is found 
almost entirely in compounds, we must decompose these sub- 
stances in order to obtain it. The substances yielding hydrogen 
abundantly and cheaply are the common adds, alkalies and 
water. The methods differ in detail according to the substance 
we use. 

69. Hydrogen from Acids. Only two acids are used for 
obtaining hydrogen — dilute sulphuric and hydrochloric. Nitric 
acid is not used because generally the hydrogen hberated attacks 
the acid and gives other substances instead of hydx'ogen. (See 
§135.) The common method is to cover mossy (granulated) 
zinc with dilute sulphuric acid, 1 part of the acid being used 
with 4 parts of water. (See Fig. 14.) The zinc does not dissolve 
in the acid, but reacts chemically with it, displacing the hydrogen 
and combining with the acid radical, SO4, to form zinc sulphate 

zinc sulphuric acid hydrogen zinc sulphate 

Zn (metal) 4“ H 2 SO 4 (20% solution) — » H 2 t (S®*®) + 2 nS 04 (solution) 

39 
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The hydrogen does not react with either the remaining sul- 
phuric acid, that has not taken part in the reaction, nor with 
the zinc sulphate, and is, therefore, evolved as a gas. The zinc 
sulphate remains in solution in the water that was used to dilute 
the sulphuric acid, and may be obtained as crystals of ziiu? 
sulphate by slowly evaporating the water. If the zme had 

dissolved in the acid wo 
would obtain crystals of 
zinc, instead of zinc sul- 
phate, and we would not 
have obtained hydrogen any 
more than when we dis- 
solve salt or sugar in water. 
The action between the 
zinc and the acud is cheini- 
vnX m its nature. 

We might have us(h 1 di- 
lute hydrochloric ti(‘id in- 
stead of the sulphuric acud and our equation would tluai read: 

zinc hydrochloric acid hydrogen jsuk*. chloride 

Zn -h ‘ 2HC1 (20% solution) ih T + (solution) 

The fundamental principle is exactly the same^ — the displace-- 
merit of the hydrogen by the metal, which is chemically more aeiive 
than the hydrogen. Any one of several other metals migiit have 
been used instead of the zinc. If we examine the table of chemi- 
cal activity given in §36 we find that hydrogen stands below lead 
and above copper. Lead and all of the metals above it in the 
table are, therefore, more active chemically than hydrogen, and 
hence can displace it from dilute sulphuric and hydrochloiic 
acids, while copper and all the metals below it are less active 
chemically and cannot displace hydrogen from dilute acids. As 
the metal approaches the more active end of the table the reac-* 
tion with hydrogen becomes more violent. Zinc is sufficiently 
active to give a rapid stream of hydrogen, and at the same time 



Ftg, 14. Preparation of IlyilrogiMi 
from the Action of Zinc wdh 
Sulphuric Acid. 
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is so much cheaper than any of the more active metals, that it is 
almost invariably used in the laboratory. If one of the other 
metals is used instead of the zinc the general style of the equa- 
tion is the same with the change in the metal and the corre- 
sponding salt formed. 

magnesium sulphuric acid hydrogen magnesium sulphate 
Mg (metal) + H2SO4 (20%) H2 | + MgS04 (solution) 

alummum hydrochloric acid hydrogen alummum chloride 
2A1 (metal) + 6HC1 (20%) SH. t + ^AlCh (solution) 

Metals more active than hydrogen are not found free in 
nature. Less active metals may be found free. Since metals 
react with acids they are known as base-forming elements. 
Hydrogen may also be obtained from dilute acids by electrolysis, 
as described in §209. 

60. Hydrogen from Alkalies. Some of the metals will also 
react with some of the alkalies with the evolution of hydrogen 
and the formation of a salt. We may notice the reaction of zinc 
with sodium hydroxide 

zinc sodium hydroxide hydrogen podium zmeate 

Zn (metal) + 2NaOH (solution) — > H2 t H- Na^ZnO^ (Noluiion) 

Potassium hydroxide might be used instead of sodium hydrox- 
ide with the formation of the corresponding potassium zincate; 
or we might use aluminum instead of the zinc with either of the 
hydroxides, forming the corresponding aluminates — 

aluminum potassium hydroxide hydrogen potassium aluininate 
2A1 (metal) -f 6KOH (solution) 3H2 t + 2K3AIO3 (solution) 

The corresponding salt formed when sodium hydroxide is used 
is sodium alumina te, NasAlOs. 

When zinc and aluminum react with bases, such as sodium 
hydroxide or potassium hydroxide, they act as acid forming 
elements. 
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These methods are not commonly used, but are used in certain 
tests when very pure hydrogen, free from hydrogen sulphide 
and arsenic is wanted. 

61. Hydrogen from Water. Several of the more active 
metals will react with water ^ setting part of the hydrogen free, and 
combining with the rest of the hydrogen and the oxygen to form 
a metallic hydroxide. The most active metals react the most 
violently, the reaction with potassium producing sufficient heat 
to ignite the hydrogen even in cold water as fast as it is formed. 
The reaction with sodium is not so violent, and the hydrogen is 
usually not ignited, except when warm water is used. 

potassium water potassium hydroxide hydrogen 

2K (metal) + 2 H 2 O 2KOH (solution) i- 11, f 

sodium water sodium hydroxide hydrogen 

2Na (metal) -b 2HisO —> 2NaOH (solution) 4* lb T 

Calcium is less energetic than sodium, the reaction occurring 
in cold water, but better in warm. The calcium, moreover, does 
not float like potassium and sodium, but sinks to the bottom and 
reacts rapidly without melting. 

Hydrone cubes consist of an alloy of sodiixm and lead and yield 
2.6 cubic feet of hydrogen per pound when placed in water. 

If we use such metals as iron^ zinc or magnesium it is necessary 

to have the 
water in the 
form of steam 
andthcmetals 
should bo 
placed in a 
tube and 
heated to red- 
ness» (See 
Fig. 15.) The 

Fig. 16 . Preparation of Hydrogen from the Action of Steam is then 
Iron with Steam. passed 
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through the tube and the reaction is similar to that of the more 
active naetals. 

Superheated steam may he passed over red hot coke and we will 
obtain hydrogen mixed with carbon monoxide. The carbon 
monoxide may be separated from the hydrogen by passing the 
mixed gases first over nickel to form nickel carbide and carbon 
dioxide, and then through lime water where the carbon dioxide 
will form a precipitate of calcium carbonate by uniting with the 
calcium hydroxide. This method is not suitable for the small 
laboratory, but, when considerably modified, is used extensively 
in commercial chemistry to form water gasj the mixture being 
enriched by spraying it with heavy hydrocarbons, after which 
it is sold as illuminating gas. No nickel or lime water is used in 
the commercial process. (See § 817.) 

62. Purification and Collection of Hydrogen. Laboratory 
hydrogen has an odor, owing to the impurities it contains. It 
may be purified by passing it through sodium hydroxide and 
potassium permanganate solutions. If the gas is wanted dry it 
should be passed through a tube containing anhydrous calcium 
chloride (calcium chloride containing no water) as with oxygen. 
When dryness is not essential it is usually collected over water 
the same as oxygen, but may be collected in a dry receiver held 
mouth downward, while the delivery tube is passed to the 
highest part of the receiver. If the gas is to be burned it is 
absolutely essential to know every time that the gas is not mixed with 
air. If the hydrogen is mixed with air or with oxygen before it 
is ignited, violent explosions occur. 

63. Physical Properties. Pure hydrogen is colorless, odor- 
less and tasteless. It is the lightest gas known, one liter under 
normal conditions weighing 0.089873 gram. Air is about 14.475 
times as heavy as hydrogen; water 11,000 times; and platinum, 
the heaviest of the common metals, is about 236,500 times as 
heavy. Since hydrogen is the lightest of all known substances, 
its vapor density is taken as 1. 
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Hydrogen is not very soluble in water, only 0*193 volumes 
dissolving in 100 volumes of water at ordinary temperatures. 
The gas may be reduced to a liquid at —252.5'^ and 13 atmos- 
pheres pressure. Liquid hydrogen when evaporated rapidly, 
solidifies in part, the solid having a temperature of about — 200°. 

Hydrogen diffuses through porous substances faster than any 
other gas. At high temperatures it passes through plaf,es of 
iron and platinum, and passes rapidly through thin sheets of 
rubber, making it very difficult to keep it any length of time. 

64. Chemical Properties. Since hydrogen acts chemically 
as a metal in direct combinations we would naturally expect it to 
combine with non-metals. When mixed with fluorine it com- 
bines with explosive violence, even in the dark. With chlorine 
it will explode in the sunlight. It also (iombincs directly with 
oxygen, burning with a nearly coloihvss flame to form wat/cr. 
(See also §312.) llvdiogen (;om})iii(\s directly or indircK^tly 
with a largo number of elements, su(di as (^arhon, t-o form hydro- 
carbons; with nitrogen, to form ammonia; with sulphur, to 
from hydrogen sulphide, etc. These combinations will be 
explained more fully where the compounds are studied 

Hydrogen is not a supporter 
of combustion in the ordinary 
sense of the tcuau— that is, 
such substances as wood, pa- 
per, etc., cannot burn in it; 
but we may burn a stream of 
chlorine in hydrogen. This is 
merely the chemical combina- 
tion of the two without the 
presence of oxygen being nec- 
essary. Just as we can burn a 
stream of hydrogen in air or in oxygen, so we can burn a 
stream of air or oxygen in hydrogen. (See Fig. 16.) 

Hydrogen may be mixed with oxygen aiid kept for years at 
ordinary temperatures without chemical <|ombination, but as 



Fig, 16. Oxygen Burning m an 
Atmosphere of Hydrogen. 
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the temperature increases the gases begin to combine, and the 
combination occurs with explosive violence at 700° unless the 
gases are both perfectly dry, when combination does not occur 
even at that temperature. Only very small portions of hydro- 
gen and oxygen should be mixed together before igniting the 
mixture, since the explosion occurs with great violence, and the 
speed of the explosion is at the rate of about 2810 meters, or 
about 1.75 miles per second. The greatest violence isobtained. 
when two volumes of hydrogen are mixed with one of oxygen. 

66. Commercial Applications. The combination with oxy- 
gen may be 
conducted 
quietly if the 
two gases are 
not mixed 
until after the 
hydrogen is 
lighted. This 
is best brought 

about by the use of oxyhydrogen blowpipe, (see Fig. 17) where 

the hydrogen is in the outer 
tube, and the oxygen is 
conducted through the inner 
tube to the burning hydro- 
gen. The temperature is 
estimated at from 3000° to 
3500° . The acetylene flame 
is very bright but requires a 
special burner so that the air 
supply is sufficient for com- 
plete combustion. (See Fig. 
18.) The oxy acetylene fiame 
is, however, still hotter than 
the oxyhydrogen flame by 
nearly 500 degrees. The 


Fig 17. Oxyhydrogen Blowpipe. 
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reason for this is that the 
(lecoxnposition of the acety- 
lene is acexunpanied by 
the evolution of a large 
amount of heat and this is 
added to the heat produced 
by the combustion of both 
the hydrogen and the car- 
bon of the acetylene, mak- 
ing it possible to cut through 
thick plates of steel in less 
than one minute. (See Fig. 
19.) Still later methods 
employ the oxyblau-gaa and 
oxyoil-gas, m ado fro m 
(jracking heavy oils, instead 
of acetylene. The flame is 
almost as effective and is 
Fia. 19. Oxyaoetylono Burner for easily controlled. 

Cutting Steel. « , 

Compare these powerful 

flames with the flame of a paraffin candle, 

(See Fig. 20.) 

66. Nascent Hydrogen, or hydrogen 
that is just being set free from its combina- 
tions, is frequently used in the laboratory 
to bring about reductions where the ordinary 
stream of molecular hydrogen will not affect 
the substance used. The atomic or ionic 
hydrogen thus obtained is more active than 
the molecular hydrogen where part of the 
activity is utilized in holding the atoms 
together to form the molecule. Nascent 
hydrogen and nascent chlorine are used in 
the same manner, the gas being set free in 
the mixture upon which they are to act. 




Fig* 20. A Candle 
Flame. 
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67 . Other Uses of Hydrogeir. Since hydrogen is the lightest 
of all gases, it is used for filling balloons and the gas bags of aii’ 
ships, giving them the greatest available uplift, but it is very 
dangerous on account of being so explosive and helium (§75) 
should be used instead, since it has about 93% of the available 
uplift of hydrogen and is absolutely non-explosive. Hydrogen 
was formerly used extensively in stereopticon work as the lime, 
Drummond or calcium light — an oxyhydrogen flame striking 
against a cylinder of quick lime (calcium oxide), but it is not 
used as much now since the electric arc is so much more efficient, 
the candle power of the lime light being only about 800 while 
that of the electric arc may be 2000 or more as determined by 
the amperage. Hydrogen is also used extensively to make 
non-edible oils and fats fit for human consumption. (See 
Chapter 25.) 

68. Problems. When two or more substances react, to find the 
reacting weights, and the weights of the products. 

The equation is first written correctly so that the valence is fully 
satisfied. The atomic, multiple atomic, molecular or multiple molecular 
weights of the substances are then taken as the reacting weights and the 
weights of the products. Thus 



iron sulphur 

ferrous sulphide 


Fe + S 


FeS 


56 32 


88 

zinc 

hydrochloric acid 

hydrogen 

zinc chloride 

Zn 

+ 2HC1 -> 

Ho t 

+ ZnCh 

65 

73 

2 

136 


These should be read thus, ^‘Fifty-six grams of iron will react with 32 
grams of sulphur to produce 88 grams of ferrous sulphide,'' or ^‘Sixty-five 
grams of zmc will react with 73 grams of hydrochloric acid to produce 2 
gtams of hydrogen and 136 grams of zinc chloride." Any other unit of mass 
as kilogram, ounce, pound or ton could be used in place of the gram, since 
the proportion would be the same. 

Find the reacting weights and the weights of the products in the follow- 
ing equations: 

1. KOH-HHNOj-^HaO+KNO* 

2. KOH+HCl-H^HiO-i-KCl 
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3. 2K0H-fH2S04->2H,O+K2SO4 

4. NaOH-fHCl->H..O-f-NaCl 

5. NH40H+HC2H,02^Il20+NH402H302 

6. 2NH40n + IT .SO 4 -> 2 H 2 O + (NH4)2S04 

7. Ca(OH)o+2HNO,-^2Il20+Ca(NOa)2 

8. Ca(0H)2 + H 2 SO 4 -> 2 H 2 O +CaS 04 

9. Ca(0H)2'f2HC2H«()2->2H20+0a(C2H30o)2 
10. 2Na0H+H2S04-~>2H20+Na2S04 



CHAPTER IV 


NITROGEN AND THE ATMOSPHERE 

Nitrogen. Symbol, N, Atomic Weight, 14.01. 

Valence, 3 and 5 

69. Occurrence. Nitrogen occurs free in the air, of which 
it is about 78% by volume and about 75.5% by weight. 
Combined nitrogen occurs in all nitrates, nitrites, ammonium 
compounds, in many carbon compounds, and in nearly all 
animal substances. Atmos- 
pheric nitrogen as obtained 
in the laboratory is mixed 
with small amounts of 
argon, neon, xenon, kryp- 
ton and helium, the last five 
gases having been discov- 
ered between 1894 and 
1898. 

70. Preparation. Nitro- 
gen may be prepared either 
by separating it from the 
other gases of the atmos- 
phere or by decomposing 

some of its compounds. -d j.* 

* , . , Fig. 21. Preparation of Nitrogen. 

As prepared in the labora- 
tory it is always very impure, unless purified after it is obtained. 
The customary method is to burn the oxygen from a limited 
amount of air by means of a small piece of phosphorus. (See 
Fig. 21.) 

It may also be obtained from the air by absorbing the oxygen 
in an alkaline solution of potassium pyrogallate. 

49 
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It may be prepared in a much purer form by decomposing 
certain of its compounds. Ammonium nitrite is often used for 
this purpose, and it may be made and decomposed in one 
operation by heating in a test tube a mixture of ammonium 
chloride and potassium nitrite, moistened with a little water. 
The gas is passed through a delivery tube and collected over 
water. The reaction may best be represented by two equations, 
. the first showing the formation, and the second the decomposi- 
tion of the ammonium nitrite: 

ammonium chloride potassium nitrite ammonium nitrite 

NH4CI + KNO2 NH4NOa 

potassium chloride 
4- KCl 

ammonium nitrite nitropjeit water 
NH 4 NOa NiT -f 2H2O 

71 . Physical Properties. Nitrogen is a colorless, odorless’ 
tasteless gas, having a specific gravity of 0.9673 (air - 1). One 
liter of the gas weighs 1.2514 grams if pure. Atmospheric nitro- 
gen is heavier because of the presence of the other gases. About 
2 volumes of nitrogen will dissolve in 100 volumes of water, the 
exact amount depending upon the purity of the gas and the 
temperature. Nitrogen may be reduced to a liquid at - 194® 
under normal pressure. On further cooling it becomes a white 
solid that melts at 211®. 

72 . Chemical Properties. Nitrogen is very inert. It neither 
burns nor supports combustion. It does not combine directly 
with oxygen, and does not combine readily with any substances 
except at high temperatures, and then with only a few, such as 
magnesium, lithium, calcium, boron and silicon. The combina- 
tion with magnesium, for example, gives magnesium nitride, 
Mg 8 N 2 . Nitrogen may be made to combine with oxygen when 
powerful electric sparks are passed through the mixture. This 
is known as the fixation of atmospheric nitrogen, and will be 
described in Chapter 29. Nitrogen also combines directly with 
hydrogen to form ammonia, under proper conditions of tempera- 
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ture and pressure, when selected catalytic agents are used. 
(See §127.) From these illustrations it may be readily seen 
that free nitrogen is not an active element, and that the old 
French name “Azote,” meaning “without life,” was logically 
applied. On the other hand, when we study the compounds of 
nitrogen, we shall find that it acts in an entirely different man- 
ner. Nitrogen in a combined state is found in nearly all of the 
powerful explosives, the most brilliant dyes, the most violent 
poisons, the habit-forming narcotics, such as opium, and in 
many other active compounds. The gas “without life” has 
become the exact opposite. 

73. Uses of Nitrogen. Free nitrogen is in the air apparently 
for the chief purpose of diluting the oxygen. Combined nitrogen 
plays a powerful part in many compounds. The description of 
these compounds and the methods of preparing them will be 
found in several of the later chapters. 

The Air or Atmosphere 

74. Composition of Air. Air is composed of several gases 
mixed together. The chief ones are oxygen, nitrogen, argon, 
carbon dioxide and water vapor. The first three are found in 
almost unvarying proportions, but the last two and the rare 
gases of the air vary in amount according to conditions. Oxy- 
gen constitutes about 20.93% of the air by volume, or 23.13% by 
weight. Nitrogen and its companion gases make up the rest of 
the air, and of this amount argon is about 0.94% by volume and 
about 1.3% by weight. Carbon dioxide forms about 0.03% 
except in expired air, where it may reach 4% or more. Water 
vapor will vary with the temperature, pressure and the direction 
of the wind. Other gases found mixed with the nitrogen are 
helium, neon, xenon and krypton. In addition to these small 
amounts of ozone, hydrogen, hydrogen dioxide, ammonium 
nitrate, dust, bacteria, etc., are found in various localities. 
Tests on air covering a year show that from 56 to 950 tons of 
dirt are deposited upon each square mile from the air annually. 
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In England careful estimates have been made on the subject 
of polluting the air by smoke. At Leeds it has been estimated 
that free .mineral acids in smoke may amount to 80 pounds per 
acre. This affects vegetation, lowering the lime content of the 
soil and is very injurious. The value of the products in some 
cases has been reduced to one-sixth of their former value. In 
London it is estimated that between 6 and 9 o’clock in the morn- 
ing enough smoke comes from the various chimneys to give 
200 tons of free carbon and that a smoke cloud 400 feet high, 
covering London, contains at least 200 tons of carbon. The 
same general conditions occur in many of our large cities where 
bituminous coal is burned without the proper use of smoke 
consuming devices. 

At higher altitudes, the air is not the same as at the surface. 
It has been estimated that at a height of 30 miles the percentage 
of oxygen has diminished to 10; while at 90 miles, the air is 
thought to contain only 1% of oxygen; 11.1% of hydrogen and 
about 88% nitrogen; and at 120 miles, no oxygen, 0.6% nitrogen, 
and 99.4% hydrogen, becoming all hydrogen at 180 miles; but 
at such altitudes there is very little of any gas. If hydrogen is 
absent in the atmosphere above 150 kilometers — about 90 
miles — it is thought that the atmosphere at that height is almost 
entirely helium. 

76. Of the W ewly Discovered Gases, argdn, neon and helium 
are the most important. Argon is used in the Tungar lamps, the 
important part of the tungar rectifier for changing the alter- 
nating current to the direct. The glass bulb, about the size 
of an ordinary electric light bulb, is fiUed with argon at a suitable 
pressure. The alternating current enters the lamp through a 
disk anode of graphite, and flows in one direction to a low voltage 
cathode of tungsten, yielding from about 7.5 to 75 volts D. C. 
from 110 volts A. C. according to the size of the rectifier. 

Neon is of interest because of its use in illuminating. The 
first neon tubes were made 6 meters long, and yielded a pink 
light when the electric current was passed through them. Later 
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neon lamps contain 75% neon and 25% helium. The cathode is 
an alloy of 82% thallium and 18% cadmium. The anode is of 
iron. It is rated as a 1/2 watt lamp with a life of 2,000 hours 
It produces penetrating red rays and since no blue waves are 
present in the light from a neon 
tube, blue objects appear black. 

When light from a neon tube is 
combined with light from a 
mercury vapor tube, which is 
rich in blue and deficient in red, 
objects may be seen in their 
true colors. Neon lights are used 
in London and Paris for making 
illiuninated street signs. 

A new neon lamp known as the 
Pintsch neon glow lamp re- 
quires only a fraction of a mil- 
liampere to produce a light effect. 

The resistance of the glow lamp 
decreases as the current in- 
creases, contrary to Ohm^s law. 

The cathode of the direct cur- 
rent. lamp is an iron spiral 
and the anode is an iron disc. 

When a little mercury vapor is present it will also operate on an 
alternating current. With the direct current only the cathode 
glows while with an alternating current both electrodes glow, 
(See Pig. 22.) Neon lamps have been found valuable for signal- 
ing purposes and there are numerous other applications. In 
series with a 100,000 ohm selenium cell on a 220 volt circuit the 
neon lamp will remain dark as long as the cell is not exposed to 
light. When the ceU is illuminated its resistance drops and the 
current through the neon glow lamp increases and the glow 
increases in intensity. If connected in series with an X-ray tube 




54 


CHEMISTRY IN EVERYDAY LIFE 


the neon lamp will indicate by its brightness the amount of 
current passing through the tube. 

Neon is now being used in tubes as ignition gages* The noon 
in the tube glows when brought into contact with spark plugs 
and other compounds where a current is passing, making it 
easy to trace defects in ignition in gasoline engines and the tubes 
may bo used also to detect static charges on belts, doors, ma- 
" chinery, etc., not properly grounded and are especially valuable 
where inflammable gases are present. A neon tube glows when 
applied to the outside of the insulation on wires carrying 2,000 
volts or more, serving to detect the presence of dangerous cur- 
rents and the use of neon tubes will probably be further ex- 
tended. 

Since neon is found to the amount of I paH in 66,000 of air. 
a liquid air plant producing 50 oul)ic nutters of oxygen per hour 
can produce approximately 100 liters of neon per day. 

HeUu?n, (moaning the sun) U found in small amounts in the 
air and in the atmosphere of the sun and the fixed stars, in 
several rare minerals, in some springs, in natural gas, and in 
meteorites. It is very inert and is more insoluble in water than 
any other gas, and also the most difficult to liquefy, recpiiring a 
temperature of —271.3°, the lowest temperature thus far ob- 
tained. Helium is now being used as a substitute for hydrogen 
in filling the gas bags of balloons and air ships. It has only one 
atom to the molecule while hydrogen has two, so that the atomic 
weight of helium is the same as the molecular weiglit — 4 ; while 
the atomic weight of hydrogen is 1 and the molecular weight is 2. 
Since the air is 14.476 times as heavy as hydrogen, the available 
uplift of helium may thus be seen to be approximately 93% of 
that of hydrogen. Since helium is absolutely non-explosive, 
not combining with either the air or any other known substance, 
it is the most suitable gas for balloons and air ships. Though 
found in very small amounts normally in the air the gas wells of 
southern Kansas and northern Texas yield nearly 2% of helium. 
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The helium is separated by liquefaction of the rest of the gas, 
which is then vaporized with a marked improvement in its 
burning quahties. Up to April, 1918, not over 100 cubic feet of 
helium had been produced at a cost of $1700 to $2000 per cubic 
foot. In a Httle over a year the government produced 200,000 
cubic feet of 92.5% hehum, at a cost of about $5 per cubic 
foot. The present cost is about 10 cents per cubic foot. The^ 
gas is stored in steel cylinders under a pressure of 1 ton per 
square inch. Each cylinder holds 200 cubic feet of normal 
pressure helium. Since hehum is of such importance in war 
work, it is to be hoped that the process of storing hehum will 
continue indefinitely. The gas wells of Europe yield only a very 
small percentage of hehum, thus giving the United States almost 
a monopoly. Hehum is also produced in minute quantities 
when radium disintegrates. (See §530.) 

76. The Two Most Important Variable Elements in the 
atmosphere are carbon dioxide and water vapor. Carbon 
dioxide usually exists in the proportion of 3 or 4 parts in 10,000, 
but this is greatly increased in poorly ventilated rooms. Its 
presence may be shown by lime water or by baryta water, which 
will become covered with a white film of calcium or barium ^car- 
bonate, The carbon dioxide itself does not do any serious 
damage, since it is not poisonous, but its presence usually shows 
that the air has been breathed. Some recent investigators of the 
subject of ventilation claim that we do not need a large amount 
of fresh air if the air in the room is kept reasonably cool and in 
constant circulation, so as to keep the skin dry by the removal 
of perspiration, and say that the effects of poor ventilation are 
due to physiological disturbances caused by interference with 
elimination of the heat of the body, corresponding closely to 
fatigue phenomena. 

It is now generally believed that workmen breathing air con- 
taining small amounts of sulphur dioxide, chlorine, bromine, 
hydrogen sulphide, chloropicrin, phosgene, etc., are more 
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inunune to diseases affecting the respiratory passages, than those 
who are not exposed to such air. 

77. The Amount of Water Vapor, varies with the tempera- 
tui’e, the atmospheric pressure, and the direction of the wind. 
At ordinary temperatures 100 liters of air will hold about 2 
grams of water in the form of vapor, of which 1.7 grams will be 
deposited as rain if the temperature is cooled to the freezing 
point of water. The absolute amount is not as important as the 
relative amount required to produce saturation. The presence 
of water in the air may be shown by exposing a piece of potas- 
sium hydroxide to the air. It often absorbs enough water in an 
hour or so to dissolve. As the amount of water vapor in the air 
increases, the barometric prosstiro decreases, showing that moist 
air is lighter than dry air, since the molecular weight of water is 
only 18, while the molecular weight of nitrogen is 28 and of 
oxygen is 32, giving an average for air of 28.05. 

The dust in the atmosphere may bo soon when a beam of 
sunlight enters a partly darkened room. In dustle.ss air the 
beam is nearly invisible. If there were no dust in the atmosphere 
there would be no clouds nor rain. 

Much of the dust in the atmosphere comes from the smoke 
and fine dust issuing from factory chimneys. This can xisually 
be overcome to a large extent by the use of the Cottrell precipi- 
tator which sends a powerful static charge through the smoke 
causing it to fall to the bottom of the chimney. 

The efficiency of Cottrell precipitating process varic.s from 
about 86% in carbide furnaces to 99.99% on brown coal com- 
bustion gases. The apparatus works without diffitnilty at 850°. 
About fifty plants are working in Germany, aboxit 100 in United 
States and about 50 elsewhere in the world. 

Such substances as fruit juices, when exposed to the air, soon 
begin to ferment, thus proving the presence of micro-organisms. 
The air contains only 4 or 5 bacteria per liter, while natural soil 
contains about 100,000 per cubic centimeter, and good, un- 
filtered river water contains 6,000 to 20,000 per cubic centimeter. 
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78. The Percentage of Oxygen in the Air, is determined in 
various ways. An easy method is to burn a small piece of yel- 
low phosphorus in a limited supply of air, as in a bottle with the 
mouth dipping under water. The water will rise in the bottle to 
take the place of the oxygen removed, and by dividing the 
quantity of water in the bottle by the capacity of the bottle the 
percentage of oxygen may be approximated. 

A more accurate method uses an alkaline 
solution of potassium pyxogallate. This is 
poured into a tube of air and the end stop- 
pered. The tube is rotated a few times until 
the oxygen is all absorbed, and the stop- 
pered end is then placed under water and 
the stopper removed. Water rises to take 
the place of the absorbed oxygen and the 
percentage is determined in the same man- 
ner as when phosphorus is used. 

79. Physical Properties of Air* Air is 
colorless, odorless and tasteless when pure. 

Like all gases it is elastic, thus allowing 
expansion and contraction. Under stand- 
ard or normal conditions one liter of air 
weighs 1.293 grams. It is 14.475 times as 
heavy as hydrogen, and 1/773 as heavy as 
water. The pressure of the air at the sea 
level will balance a column of mercury 760 
millimeters high at 0°C in the latitude of 
New York City, and these are taken as 

standard conditions of measurements. (See ► 

Fig. 23.) ^ 

If the temperature is any other than 
0°C, and the pressure is any other than 
760 mm., they must be reduced to standard conditions 
in order to secure uniformity of results. In the English 
system the height of the standard barometer is 30 inches, 
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the pressure is expressed as 14.74 (approximately 15) pounds per 
square inch, and the temperature is 32*^ P. 

80, To Prove That Air is a Mixture and Not a Chemical 
Compound. 

(1) Nitrogen and oxygen may be jiuixed a-ud left indefinitely 
without any evidence of chemical union. The mixta ire ca,n not 
be told from air. 

(2) Liquid air does not have the same composition as gaseous 
air. When first made it is about 50% oxygen. The nitrogen 
boils out first at a temperature of — 193°, until finally the liquid 
air may be 90% oxygen. 

(3) When air is dissolved in water the oxygen dissolves about 
twice as rapidly as the nitrogen. Air expelled from water is 
about 35% oxygen by weight instead of about 23%. 

(4) The composition of the air vaiii^s slightly from time to 
time and in different localities. The composition of a comjiound 
does not vary. 

(5) Chemically the air acts just the same as free oxygen, but 
more slowly. This may l)o shown by the oxidation of phos- 
phorus, potas- 
sium, etc. 

81. Liquid 
Air* Air is 
liciuefied by 
pressure and 
cooling. (See 
Pig. 24.) It is 
first passed 
through sod- 
ium hydroxide 
solution to 
remove the 
carbon dioxide, 
then over cal- 

Fig. 24. Linde Liquid Air Apparatus. cium chloride 
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to dry it. It is then passed into coils of copper pipe and subjected 
to a pressure of 120 to 140 atmospheres. The copper pipe is 
confined in a vessel whose walls are protected against the passage 
of heat by non-conducting materials. The pressure upon the 
gas raises the temperature of the air in the coils, which are next 
cooled to — 80° by means of solid carbon dioxide. The air is then 
allowed to pass through a very small opening and the sudden 
removal of pressure causes a further reduction of the tempera- 
ture. As the air escapes it is passed back over the pipes that 
contain the compressed air, and by repeating the process several 
times without interruption the air finally issues from the opening 
in a liquid condition. The receiving vessel has double or triple 
walls, the air between them being exhausted to about 0.5 nun. 
(See Figs. 25 and 26 ) 



Fig. 25. Double 
Walled Dewar 
Bulb for Liquid 
Air. 



Fig. 26 . Carrying 
Case for Dewar Bulb. 


This prevents heating the air from the outside and it is possible 
to keep the air for some time provided an opening is left at the 
top for the escape of the gases as the air vaporizes. 



60 


CHEMISTRY IN EVERYDAY LIFE 


82. Properties of Liquid Air, Liquid air is colorless, with a 
specific gravity about the same as that of water. It boils at 
— 190° and when placed on ice acts the same as water on a rod hot 
stove. Elastic substances placed in liquid air become as brittle 
as thin glass. Lead becomes stiff, sonorous and rigid, while 
alcohol freezes to a white taffy-like mass. When liquid air is 
poured upon glowing charcoal, the latter burns with explosive 
violence. An ordinary tin basin placed in the liquid may be 
crushed like an egg shell The hand may be dipped into the 
liquid without injury if removed instantly, since the thin film of 
air that surrounds the skin prevents the freezing of the flesh. 
Liquid air explodes violently when confined, easily bursting a 
steel cylinder. 

Numerous practical uses of liquid air have been suggested, but 
they are still more theoretical than practical For use in explo- 
sive shell it is difficult to control and the inconveniences of trying 
to manufacture it on a battle field, or of transporting it to the 
field of action are so great that they practically prohibit its use. 

As a cooling agent it produces temperatures too low for the 
best preservation of foods, so that liquefied ammonia gas is used 
instead. For other low temperatures where liquid ammonia 
does not produce a sufiSiciently low tempoi’ature liquefied carbon 
dioxide is usually used. (See §263.) 

Liquid air is now used for removing hair from hides for tan- 
ning purposes. The hides are thoroughly dried, immersed for a 
minute in liquid air, drained for a few seconds, then scratched 
or shaved to break off the hairs while they are still frozen and 
brittle, leaving the roots in the hides. 

83, Laws and Problems. (1) Law of Boyle, Under constant 
temperature the volume of a gas varies inversely as the pressure. PV - 

PV 

P'V' or P and V indicate the original pressure and volume; P' 

and V^ indicate the change of pressure and volume. If a volume of gas 
under 760 mm. pressure measures 500 cc. what will be its volume under 740 
mm? 
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—513.513 ce. Normal pressure is always 760 mm. of 

mercury. 

There are a number of variations from Boyle^s law, the volumes of the 
gases not varymg absolutely inversely as the pressure. The following table 
shows the number of liters filled at 0° by 2 liters of each gas when the pres- 
sure is increased from 1 atmosphere to 2 atmospheres. 


Hydrogen 

. 1 0006 

Carbon dioxide . . . 

. . . 0 9931 

Nitrogen 

.. 0.9996 

Nitrous oxide 

.. 0.9924. 

Carbon monoxide .... 

. .. 0.9995 

Hydrochloric acid .... 

. . 0.9919 

Oxygen 

. . 0 9991 

Ammonia . ... 

.. 0.9845 

Nitri« oxide 

. . . 0 9989 

Sulphur dioxide 

0 9739 


(2) Law of Charles. Under constant pressure the volume of a gas 
varies directly 1/273 of its volume at 0®, for every change of 1 degree C. 
(See Table p. 62) This theoretically reduces the volume to 0 at —273® C , 
known as the absolute zero^ but practically all gases are changed to liquids 
and the liquids to solids before that temperature is reached, and the law 
for gases ceases to apply. The law may also be stated that ' ‘ the volume of a 
gas under constant pressure varies directly as its absolute temperature.^' 
Absolute temperature (A) is indicated by T; Centigrade temperature by t. 
jr = ^4-273. Either may be used in the problems, but it must be remem- 
bered that the thermometers read in C, and the final reduction for volu- 
metric changes must be expressed in A. 

As a formula the law of Charles may be expressed in the A scale as 

xr, ^ . xr, F(273+^') 

y = ; and m the C scale as V' = — 

T (273+0 

Combining the laws of Boyle and Charles into one formula by joint 

VPT 

variation we have V'P'T — VPT\ or F' - in the absolute scale; 


the latter becoming V' 


F(273+F;P , ^ 

(273+« )P' -u®“‘g C 


When the gas is measured over water P and P' become P — a and P' — a 
where a stands for the tension of water vapor at the temperature of the 
water. When collected over mercury P and P' become P — m and P' — m, 
where m stands for the tension of the mercury vapor at the temperature of 
the mercury. See Tables 1 and 2 to find the tension of water and mercury 
vapor at the different temperatures. Normal temperature is 0®c. For 
accurate readings corrections should be made for the expansion of the ba- 
rometer scale, the latitude and altitude. See Tables 3, 4 and 5. 
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If we have a volume of gas at 24® under a t)ressiirc of 750 rnm. measure* 
ing 500 cc., what will be the volume at 12® and 7(>0 nun. pressure? 


By formula, 


V' 


500 (273 + 12) 750 
(2734-24) 760 


ee. 


Scale to Show the Relation of Absolute I'empehatuke, ( Ientiouadf 

TEMPERATtlltE AND VoLUME OF A (.5 AS 


Absolute 

Centigrade 

Volume 

Temperature 

Temperature 

in cc. 

373 

100 

373 

283 

10' 

283 

275 

2 

275 

274 

1 

274 

273 

0 

273 

272 

-1 

272 

271 

— 2 

271 

2iV] 

-10 

263 

173 

-too 

173 

73 

-200 

73 

0 

-273 

0 


ProhUmB, (1) The Hdaiion of Oa.seou'i Volume to based 

upon Boyle’s law. 

1. The volume of a gas under 500 mm pressure is 1000 ca*. What is 
the volume if the pi ensure is increased to 750 mm.? 

2. The volume of a gas under 750 mm, pressure is 498 ce. What is th<^ 
volume under normal pressure? 

3. The volume of a gas under 700 mm pressure is 320 ec. What pres- 
sure will cause it to occupy 200 ec ? 

4. The volume of a gas under normal pressure is 400 cc. What 
pressure will cause it to occupy 450 cc.? 

(2) The Relation of Gasemxs Volume to Tmipnraiure. Law of Charles. 

1. The volume of a gas at 0® C. is 960 cc. What is the volume at 
20° C.? 

2. The volume of a gas at 20® C, is 400 cc. What is the volume at 
0® C.? 
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3 The volume of a gas at —10® C. is 500 cc. What is the volume at 
10° C? 

4. The volume of a gas at 10® C. is 480 cc. What is the volume at 
-10® C? 

5. The volume of a gas at 0® C. is 600 cc. At what temperature will 
the volume of the gas be 900 cc.? 

(3) The Relation of Gaseous Volume to Pressure and Temperature. 
Combining the Laws of Boyle and Charles. 

1. The volume of a gas under normal conditions is 500 cc. What is 
the volume at 20® C. under 780 mm. pressure? 

2. The volume of a gas at 25® C. under 740 mm. pressure is 600 cc. 
What is the volume under normal conditions? 

3. The volume of a gas at —20® C. and under a pressure of 375 mm. 
is 748 cc. What is the volume under normal conditions? 

4. The volume of a gas under normal conditions is 947 cc. What is 
its volume under 824 mm. pressure at — 40® C ? 

5. If the volume of a gas at 40° C under 780 mm. pressure is 900 cc. 
and the volume is constant at 50® C., what is the pressure? 

6. If the volume of a gas at 20° C. under 800 mm pressure is 400 cc., 
and the volume remains constant when the pressure is changed to 700 mm., 
what is the temperature? 
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SOLUTION AND ITS APPLICATION 

84. Solution Defined. The term ^^wolution^^ usually means 
that a powdered substance has been placed in distilled water 
and either shaken or heated, or both, until the solid has dis- 
appeared and the liquid is clear. It may, however, be extended 
to include various other processes, such as the dissolving of a 
solid in alcohol, or other liquid, the dissolving of a liquid in a 
liquid, a gas in a liquid, or several other (iombinations. (See 
Table 6.) Unless otherwise stated the tc'rrn ^^solul)l(‘^^ will be 
applied to substances capable of dissolving in wai(n’. The 
substance dissolved is called the solute; the water or other 
liquid used is called the solvent 

86. Strength of Solutions. A dilute solution is one that 
contains only a very little of the dissolved substanc^e in a rela- 
tively large proportion of the solvent. A conceiitratiHl solution 
contains a larger proportion of the dissolved substaniu',, but there 
is no definite amount that must be present. A dilute solution 
may be concentrated by boiling. 

86. Saturation. Solutions arc said to be unsaturated, 
saturated, or supersaturated, according to the amount of the 
substance dissolved. Dilute solutions are always imsaturated. 
and concentrated solutions are often saturated. A saturated 
solution is one that contains as much as possible of the dissolved 
substance at the given temperature. As the temperature is 
raised it is often possible to dissolve more of the solid, and 
when this is true a solution that is saturated at 20^ will be 
imsaturated if the temperature is raised to 30°. 

When a solution is saturated at a high temperature it may 
sometimes be cooled down to room temperature without 
throwing down any of the dissolved solid. The cooled solution 
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is then said to be supersaturated. In cooling such a solution 
care must be taken not to allow any disturbance of the liquid, 
or the entrance of any dust, or part of the solid that has been 
dissolved will be thrown down as crystals. 

The only method telling whether a solution 
is unsaturated, saturated or supersaturated, is 
to drop into the solution a crystal of the sub- 
stance dissolved. If it is unsaturated more of 
the solid will dissolve; if it is saturated there 
will be no change; if it is supersaturated part 
of the solid will be thrown down as crystals. 

Parts per Thousand. A more accmate method 
of stating the strength of a solution is to tell 
the number of grams of the solid in 1 hter 
(1000 cc.) of the solution. If a solution contains 
20 grams of the sohd in 1 liter of the solution, 
there would be 2 grams in 100 cc. and this 
means a 2% solution. 

The strength of a solution is often indicated 
by its specific gravity. For example, an aqueous 
solution of sulphuric acid, having a specific 
gravity of 1.755 is 82% sulphuric acid by 
weight. This may be determined by floating 
a hydrometer of constant weight in a jar of 
the solution to be tested. (See Fig. 27.) 

When the specific gravity is obtained from 
the scale on the stem of the hydrometer, the 
percentage by weight is found by reference to 
standard tables. 

87. Color of a Solution. Many solutions 
are colorless, such as barium chloride, silver 
nitrate, ammonium sulphate, etc., or they may 
be colored, such as copper sulphate, potassium permangar 
nate, or cobalt chloride. The color of the solution is usually 
the same as the color of the salt used, but sometimes the 


Fig. 27. Hy- 
drometer and 
Jar. 
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color is different, as in the case of many of the aniline dyes, 
some of the cobalt salts, etc. Sometimes the color of a solution 
is so intense that it may still be visible when viiiy^ dibit, e. 
Fluorescein is visible to the naked eye wlicn one ]iart is dissolved 
in 40,000,000 parts of wat.er. If present to the (ixtent of one 
part in 10,000,000 it is still so readily siion that it has been used 
to trace the flow of under-ground water, leakages in canals, etc. 

88. Degree of Solubility. Although the term “insoluble” is 
frequently used, it is really a relative term, since probably all 
substances are soluble to a slight extent if the quantity of the 
solvent is very large. 

In approximate terms substances that are soluble in 

Less than 1 part of the solvent arc called very soluble; 

From 1 to 10 parts of the solvent are called freely soluble; 

From 10 to 100 parts of the >solvent/ are called soluble; 

From 100 to ],000 parts of the solvent are ealUal slightly soluble; 

From 1,000 to 10,000 pai t-s of the solvent are called vo.vy slightly soluble; 

From 10,000 to 100,000 pa.r1,s of t he solvent are calhul nearly insoluble; 

More than 100,000 parts of t he solvent arc called practically insoluble. 

This table docs not show solubility with any accuracy. The 
only satisfactory method of defining solubility is to 8i;ate that 
lOOcc. of water will dissolve 24 (or some other number of) 
grams of the substance at 2()°G (or at some other given tempera- 
ture). (See Table 7.) 

89. Illustration of Solubility. One of the most insoluble 
salts with which the student will work is barium sulphatCy which 
requires 435,000 parts of water by weight to dissolve it, or in 
other words, 1 gram would require fully barrels of water. 
On the other hand, 1 part by weight of water will dissolve 2.9 
parts of strontium permanganate or 3.31 parts of calcium per- 
manganate; and mercurous iodide requires 11,500 times as much 
water as barium sulphate, 

90. Effect of Heat on Solubility. If the temperature of the 
solvent is raised it generally increases the degree of solubility. 
Potassium nitrate is about 18 times as soluble at 100° as at 0°; 
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and many other examples might be given. On the other hand 
salt is only slightly more soluble at 100° than it is at ordinary 
temperatures, since it requires 2.78 parts of water to dissolve 1 
part of salt at 14°, and 2.48 parts at 100°. Moi'eover, gypsum is 
less soluble at 100° than it is at 0°. 

91. Precipitation. An insoluble salt is often formed when 
two solutions are mixed. The salt will usually be thrown down 
as a 'precipitate. If the precipitate settles slowly it may be made 
to settle rapidly by use of a centrifuge. Even if there is no heavy 
solid formed, but merely a clbudy appearance it must be called a 
precipitate If the precipitate has nearly the same specific 



Fig 28 The Folding of a Circular Filter Paper 


gravity as the liquid in the vessel the precipitate may remain 
rather evenly distributed throughout and is then known as o, 
suspension. 

The precipitate may be separated from the Hquid in any one 
of several ways. If it settles rapidly and compactly, or if it is 
thrown down by the centrifuge, much of the supernatent liquid 
may be removed by the use of tne siphon, or the liquid may be 
poured from the vessel, a process known as decantation. Most 
of the remaining hquid may be removed by filtration, which is 
usually performed by pouring the entire contents of the vessel 
over a folded filter paper (see Fig. 28) held in a funnel. (Sec 
Fig. 29.) The precipitate then remains upon the filter paper, 
and is known as a residue^ while the liquid passes through the 
filter paper and is called th.e filtrate. The filtrate may contain 
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one or more sah,a in solution, and these may be rceovered by 
crystallization. 

92. Crystallization. When a solid is dissolved in a luiuid, 
and the solution is exposed to the air, the liquid portion gradu- 
ally evaporates, and the solution becomes more cone, (nitrated. 
At last crystals of the solid appear if the solid is one that crystal- 
lizes. Evaporation may be hastened by warming the solution, 
(see Fig. 30), but excessive heating usually results in the forma- 
tion of a scum of small, poorly defined crystals. If the solution 



Fig. 29. Funnels Used in 
Filtering. 



Fig. 30. Evaporating 
a Solution to Aid 
Crystallization, 


is concentrated and cooled suddenly small crystals are formed; 
while slow cooling with slow evaporation will usually form large, 
well-defined crystals. (See Fig. 31.) 

When substances such as sulphur, iodine or mercury are 
vaporized the vapor will condense upon the cool sides of the 
vessel at a distance from the heated section. The formation of 
crystals or drops in this manner is known as suhlimaiion. 

93. The Solution of a Gas in a Liquid. Gases dissolve in 
varying degrees in water or other liquids. The common hydro- 
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chloric acid of the laboratory and ammonium hydroxide are 
water solutions of the gases, hydrogen chloride and ammonia, 
respectively, although in the latter case there is probably a 
chemical combination as well. 

94. Illustrations of Chemical Action in Solution, When 
hydrogen sulphide is passed into amMonimn hydroxide, solution 



Fig 31. Some Crystal Models. 


with chemical action occurs. For a saturated solution the 
equation is 

hydrogen sulphide ammonium hydroxide water ammonium sulphydrate 
HoS + NH4OH H2O + NH4HS 

When an equal volume of ammonium hydroxide is added to the 
ammonium sulphydrate, further chemical action occurs, and we 
obtain the ammonium sulphide of the laboratory according to 
the equation 

ammonium sulphydrate ammonium hydroxide water ammonium sulphide 
NH4HS + NH4OH H2O + (NH4)2S 


When the ammonium sulphide has stood for some time, or 
when sulphur is added, polysulphides of varying compositions 
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are formed, mid these are represeTit<d by the j^eneral formula, 
(NH4)2S^. 

96. Temperature and the Solution of Gases. A (;old licpiid 
can invariably dissolve more of a ^>;as than a warm liiiuid, since 
the heat causes the gas to be given off again as may be s(‘en by 
heating some ammonium' hydroxide. A vsolution of a gas in 
water is not the same as liquef 3 dng the gas, liquid ammonia 
being ammonia gas reduced to a liquid by cooling and pressure, 
without the presence of water. 

96. Pressure and the Solution of Gases. When pressure is 
applied a gas will be forced into the dissolving liquid more 
readily. A well-known example is that of carbon dioxide, which 
is dissolved in water with pressure. This is used in 'tsoda water^^ 
and when the pressure is removed the gas escapes forming 
bubbles. 

97. Table Showing the Solubility of Certain Gases. Om', 
volume of water under the pressure of 1 atmosphere at 0*^ will 
dissolve the following common gases in the following amounts: 

Very soluble Moderately soluble iSltghtly ^Soluble 

Ammonia — 1148 volumes Hydrogen sulphide— 4 4 Argon— 0.00 volume 

volumes 

Hydrogen chloride — 505 Chlorine — 8 volumes Oxygen— 0.01 volume 

volumes 

Sulphur dioxide — 80 Carbon dioxid<j — 1.8 Nitrogen — (),()2volinne 

volumes volumes Hydrogen — 0.00108 

volume 

(See also Table 8.) 

98. Solution of a Liquid in a Liquid. Licpiids may dissolve 
in liquids, in which case either may be said to dissolve in the 
other. Water and alcohol may be mixed in any proportion, and 
will suffer a slight contraction of volume. Many other liquids 
may be mixed in any proportion, but some may be mixed only 
within certain limits, such as carbolic acid, (phenol) which is 
soluble in 20 parts of water. Liquids which do not mix, but 
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which separate into layers on standing, such as kerosene and 
water, are called nautually insoluble. 

99. The Importance of Solution in Chemical Action. Since 
the force that holds the elements of a molecule together can act 
at only short distances, chemical action is more apt to occur 
when the substances are brought into as close contact as possible. 
Of the four methods of physical division — cutting, crushing, 
grinding and solution — only solution can, in many instances, 
divide the substances so that chemical action can occur. 

100. The Electrolytic Theory of Solution. Contrary to the 
general behef a solution is not as simple as it may at first appear. 
It is true that we divide the substance into exceedingly small 
particles, and the original substance may often be recovered 
when the solution is evaporated, but we find that in a solution 
we also have other conditions, which if properly understood wull 
clear up a great many of the difficulties that confront the student 
when he begins to explain reactions. It has long been known 
that some solutions have the power to conduct the electric 
current, and are known as electrolytes, while others that are not 
able to conduct the current are known as non-electrolytes. 

101. Conditions in an Electrolyte. Experimental evidence 
points to the belief that when an acid, a base, or a salt is dis- 
solved in water a 'part of the dissolved substance undergoes disso- 
ciation, that is, it no longer exists entirely as the original sub- 
stance divided into the extremely small portions, commonly 
known as molecules, but a part of tt has been divided into the 
elements, or groups of elements, that compose the solid. Thus 
if common salt is dissolved in water it is not entirely common 
salt in the solution, but, owing to the weakening of the electro- 
static force that holds the sodium and the chlorine together, it 
exists in the solution partly as salt molecules, partly as dissociated 
sodium chloride both the sodium and the chlorine carrying an 
electrical charge. These highly charged, dissociated portions are 
known as ions. 
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102. Two Kinds of Ions, Although the ions are highly 
charged, the solution itself is electrically neutral, so we conclude 
that there are two kinds of charges— positive and negative— 
and that the charges of opposite signs are eciual. When the 
electric current is passed through the solution of an electrolyte 
the ions move to the electrodes, the positive electrode besing 
known as the anode, and the negative electrode being known as 
the cathode. Since in their movement in the electrolyte the 
ions obey the law of magnets, that like charges repel and unlike 
attract, the ions that are chargedpositively move toward the cathode, 
and are known as cations; while the ions that are charged negatively 
move toward the anode and are known as anions. (See also §105.) 

103. Distinction Between Ion and Free Element. All 
experiments bear out the theory that the ion is not the same 
as the free element. If the platinum terminals of a battery are 
dipped into pure water no passage of the current takes place ; and 
if the same is tried with anhydrous hydrochloric acsid tlio same 
result is obtained. On the other hand, if the two liejuids are 
mixed, or if some of the ordinary laboratory hydrochloric acid 
is used, it will be found that the current passes readily through 
the water solution of the hydrochloric acid. (Since the chlorine 
set free attacks the platinum it should be replaced by carbon 
terminals for this experiment.) Hydrogen will appear at the 
cathode, or negative terminal, and chlorine at the anode, or 
positive terminal, in equivalent amounts, in this ca.so equal in 
volume (if the gases are not collected until they have passed for 
Some time) but the weight of the chlorine will bo 35.46 times 
that of the hydrogen. Even if hydrogen and chlorine were 
composed of conducting material they could not, when dis- 
tributed through a non-conducting liquid, furnish a continuous 
medium for the passage of the current. We are thus led to 
believe that the particles of hydrogen and chlorine carry charges 
of their own which become manifest when the hydrochloric acid 
is mixed with water. 
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104. Ionization Shown by the Centrifuge. If a solution of 
hydriodic acid, (hydrogen iodide) potassium iodide, sodium 
iodide or lithium iodide, is placed in a tube of a powerful 



Fig. 32. An Electrically Driven 
Centrifuge. 

by the use of the following i 


centrifuge (see Fig. 
rapidly rotated, the heavier 
iodide ions will be thrown to 
the outer end of the tube and 
wiU show a negative charge 
while the lighter hydrogen or 
metallic ions will be at the 
central end of the tube and 
will show a positive charge. 
Upon ceasing the rotation the 
liquid is at once neutral. 

106. Classification of Ions. 
Various experiments all tend 
to show that certain sub- 
stances always exhibit a posi- 
tive charge while others will 
exhibit a negative charge. 
We may remember the divi- 
sion of the common substances 


Cations f or’^iom 
All metals 

The ammonium radical, NH< 
Hydrogen 


Anions j or —tons 
Non-metals 

Acid radicals (See §155) 
The hydroxyl radical, OH 


106. Symbols for Ions. In order to distinguish between the 
symbols for atoms and ions it is customary to write the positive 
ions in this manner— 


+ + + ++++ 
H, Na, K, Cu, Ca, 


+++ 4 - 4 -}- 4 +++ 

Au, Al, Pt, etc., while the 


negative ions are written Cl, Br, 0, NO*, CjHsOa, SO*, COj, 
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CrO.i, etc., or iJic may be written at the ri^'ht of tlu^ ion as 
Cu++, 804 '"'“ or 8 (lr, etc. 

107. Degree of Ionization. In different kinds of solutions, 
and in different si,rengtli,s of the same solution the (higree of 
ionization differs. In solutions of sails the greater, and more 
active, part of the solutions is almost invariably ionic. In the 
case of acids and bases there is a wider range, and for the most 
part they are less highly ionized than the salts; but the ionized 
portions are more active than the undissociated molecules. The 
so-called ^^strong’^ acids and bases are more highly ionized than 
the ^Sveak” acids and bases, that is, their solutions contain 
respectively a larger proportion of H and Oil ions. In the 
second place it will usually be found that a more dilute solution 
will have a larger proport-ion of the a<;id, base or salt ionized 
than a more conciuitrated solution, although in the (?f)ncentra,tod 
solution there may be a much larger absoluiie amount ionizcid, 
Just as 20% of 50 is largiir than 50% of 10. 

108. Importance of Ionization. Kince ions alwayvS ac.t in a 
definite manner it is of great importance to huirn Ixow they 
behave in the presence of other ions. For example, thci chlorine 
ion, Cl, will always react with the silver ion, Ag, and wo ca,n 
therefore, see from the following equations 

silver nitrate hydroehloric acid silver chloritie nitnii acid 
Ag+NOa^ + n+(ir 4 Ji+Nctr 

silver nitrate sodiuna chloride silver chloride sodium nitrate 
Ag+NOr + Na+Or Ag+Fr f 4“ Na-^NOa"" 

that if we take any soluble chloride im will obtain chlorine io^ns 
which will read with the silver ion from a soluble silver salt to give 
a precipitate of insoluble silver chloride. Hence we may say 
that the formation of silver chloride is brought about by the 
addition of hydrochloric acid or any soluble chloride to a solu- 
tion of a silver salt, thus serving as one of the tests for silver; 
while, conversely, if we know we have a silver salt the white 
precipitate is one of the tests for a chloride. Qualitative analysis 
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IS based upon a series of such distinctive reactions. Further 
applications of the ionic theory to chemical reactions will be 
taken up in the following chapters. 

109. Problems. Simple Proportion. Many problems in chemistry 
dei)end upon simple proportion for an easy solution 
If a— 2, b = 3, c — 4, and d=6, then 

a * 2) •• c \ d 
a . c ' h : etc. 

Since a proportion consists of two equal ratios we may see from these that 

— =— or and from either of these may be obtained the equation 

b d c d 

ad^hc. 

The following method is based entirely upon proportion: 

To Find the Combining Weights of the Factors and the Weights of the 
Products Obtained When any Amount is Used or Desired 
In 1 ho equation 

zinc sulphui K* acid zinc sulphate hydrogen 

Zn + H 2 SO 4 ZnS 04 + Ho 

()5 98 161 2 

we say that 65 grams of zinc will react with 98 grams of sulphuric acid and 
give 161 giams of zinc sulphate and 2 grams of hydrogen. It is evident 
that if we used twice as much zinc and sulphuric acid w^e would obtain twice 
as much of the zinc sulphate and hydiogen; while if we uzad only half as 
much zinc and sulphuric acid we would obtain only half as much of the 
zinc sulphate and hydrogen. No matter how much we use^ therefore, we 
will always obtain a proportional result under the same conditions. 

Suppose we have only 40 grams of zinc instead of 65. We may woik the 
problem as a proportion thus, 

65 : 98 .: 40 : x, the value for x giving the weight of acid required. 

65 : 161 : : 40 : x, the value for x giving the weight of the ZnSO<i obtained. 
65 : 2 :: 40 : a*, the value of x giving the weight of the hydrogen 
obtained. The same thing in a shorter form 1 3 found by observing that we 
have taken 40/65 of the weight of the zme med in the standard equation. 
Therefore, we may take 40/65 of 98 to determine the amount of sulphuric 
acid to be used; 40/65 of 161 to determine the amount of zme sulphate 
formed, and 40/65 of 2 to determine the amount of hydrogen obtained. 

1, How much oxygen will be obtained by the action of water upon 3 
grams of sodium dioxide, according to the equation 
H204-Na202->2 NaOH+O f 
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2. How much ozygen is necessary to burn 1 gram of phosphorus to 
phosphorus pentoxide? 

P4+5()2“^2P.>05 

3 How much oxygen is neiiessary to burn 1 gram of magnesium to 
magnesium oxide? 

Mg+O-^MgO 

4. How many kilograms of calcium carbonate are required to form 
10 kilograms of carbon dioxide’** 

CaC 03 -^Ca 0 +C 02 T 



CHAPTER VI 


WATER AND HYDROGEN DIOXIDE 

Water. Formula, H2O 

110. Occurrence. Water occurs free in enormous quanti- 
ties, covering about 3/4 of the earth’s surface, while it exists in 
the air as a vapor. In combination with other substances it 
occurs in many compounds, both organic and inorganic. The 
human body is about 70% water, and some vegetables are more 
than 90% water. It is estimated that about 7% of the entire 
earth by weight is water. Water is contained in chemical sub- 
stances in three ways: (1) as water of crystallization, particu- 
larly in the sulphates and double sulphates where it sometimes 
is the cause of the color of the crystals, as in copper sulphate; 
(See also §115). (2) It may be mechanically enclosed either in 
the pores or between the crystals, as in granite. (3) It may be 
necessary for the existence of the substance as such, although it 
does not appear as water in the formula, and when obtained 
from these substances by heating, the substance loses its char- 
acteristics, as sugar, starch, dextrin, cellulose, etc. Such sub- 
stances contain hydrogen and oxygen, in the proportion to form 
water, combined with carbon, such as cane sugar, C 12 H 22 O 11 , 
which as far as the elements are concerned might be written 
Ci 2 dlH 20 , but sugar cannot be made by stirrmg carbon in 
water, nor does the water exist as water of crystallization, so 
the first formula is used. 

111. Efflorescence and Deliquescence. When a substance 
contains water of crystaUization it may hold the water so closely 
combined that strong heat is required to cause the water to 
leave the crystal. This is the case with copper sulphate. On 
the other hand, such substances as sodium carbonate and sodium 
sulphate hold the water of crystallization so loosely combined that 
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%ohe% they ave exposed to the div for d while they lose their 
ivater of crystallization and cnimble to a dry powder. When a 
substance loses water in this way, gradually turning to a powder, 

the process is known as efflorescence j 
and the substance is said to effloresce. 

Deliquescence is the exact opposite 
of efflorescence, and the substance 
takes up water from the air, becomes 
moist, and gradually dissolves in the 
water absorbed. Such substances as 
potassium hydroxide, sodium hy- 
droxide, calcium chloride, dehy- 
drated copper sulphate, potassium 
acetate, etc., deliquesce when 
exposed to the air. Hence they 
should always be kept in closely 
stoppered bottles. Several of the 
substances which take up water 
readily from the air are used as 
drying agents in the laboratory for 
drying gases, the ones more com- 
monly used being calcium chloride, 

Fig. 33. Analysis of Water, calcium Oxide, sulphuric acid, soda 
by the Electrolysis of |. . 

Dilute Sulphuric Acid. 

112. Composition of Water. 
When a few drops of sulphuric acid are added to water and 
the electric current is passed the gases formed will be found to 
be 2 parts of hydrogen and 1 part of oxygen by volume. (See 
Fig. 33.) If a mixture of 2 parts of hydrogen and 1 part of 
oxygen is exploded the resulting liquid will be found to be water. 
(See Fig. 34.) 

An excess of either gas will remain uncombined, so that the 
composition of water is shown both by analysis and synthesis to 
be 2 parts of hydrogen and 1 part of oxygen by volume, and the 
simpleformulafor the molecule of water is, therefore, written HgO. 
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113. Physical Properties. Pure water is tasteless and odor- 
less, and IS colorless except when seen in large masses, when the 
color is generally bluish or greenish, unless contaminated by 
some substance that colors the water otherwise. 



Fig. 34. Synthesis of Water 


Below 0° water is a sohd; between 0° and 100® it is a liquid; 
and above 100® it is a gas under a pressure of 1 atmosphere. 
An increase of the pressure raises the boiling point and lowers 
the freezing point. Decreasing the pressure produces the 
opposite effects. Illustrations of snow crystals are shown in 
Fig. 36. 
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The density of water is greatest at 4®, so that ice is lighter 
than water, having a specific gravity of about 0.90 where water 
has a specific gravity of 1 as a standard. If water continued to 



Fig. 35. Snow Crystals. 

contract until it reached the solidification point, as most sub- 
stances do, the denser cold water would freeze first on the bot- 
tom, instead of the surface, of a body of water, and even in a 
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moderately cold winter rivers, lakes and ponds would become 
solid bodies of ice that would never melt since ice is a poor 
conductor of heat. This may be shown by heating a test tube 
of water at the top to boiling, while the lower portion remains so 
cold that ice does not melt in it. Under such conditions life 
would shortly disappear from the earth except in places where 
ice never formed. 

Water vaporizes at all temperatures, but more rapidly as the 
temperature is raised. The vapor pressure opposes the atmos- 
pheric pressure, and an allowance must be made for this when 
the volume of a gas is measured over water. (See §83.) 

The vapor density of water is 0.623 compared with air, and 
9 compared with hydrogen. The molecular weight of water is 
18, as compared with the theoretical molecular weight of nearly 
29 for dry air. Hence moist air is lighter than dry air. 

Water is taken as the standard of specific heat, and accordingly 
the amount of heat required to raise the temperature of 1 gram of 
water 1 degree C. is called a calorie, (The large calorie, used in 
food analysis and in gas and coal analysis is 1000 times the small 
calorie.) No other single substance requires as much heat as 
water to produce an equal temperature change. Ice requires 
only 0.5 calorie to raise the temperature of 1 gram 1 degree, and 
steam requires only 0.47 calorie under the same conditions. On 
the other hand when ice changes to water 80 calories are 
required to melt 1 gram of ice without raising the temperature 
of the water; and when water changes to steam apprdkimately 
536 calories are required to change 1 gram of water to 1 gram of 
steam without raising the temperature. The heat that dis- 
appears without causing any rise of temperature. is often called 
latent heat. 

The amount of heat in calories required to raise the tempera- 
ture of 1 gram of ice at — 10° to steam at 120° may be seen from 
the following table: 
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Cals, 

To raise the temperature of 1 gram of ice at —10° to ice at 0° 


requires 1 X 10 XO 5 calorie 5 

To change the ice at 0° to water at 0° requires 1 X SO calories SO 

To raise the temperature of the water at 0° to water at 100° 

requires IX 100X1 calorie 100 

To change the water at 100° to steam at 100° requires 1X536 

calories . . . 536 

To change the steam at 100° to steam at 120° requires 1 X 20 X 0.47 

calorie 9 4 

Total calories 730 4 


Of this amount only 114.4 calories are required to raise the 
temperature, while 616 calories are required to bring about the 
two changes of state. 

The weight of 1 cc. of water at 4® C., when it has its greatest 
density, is called 1 gram. The freezing and boiling points of 
water give the fixed points of the various thermometer scales 
in use. (See §32.) 

114. Chemical Properties. When a gram of hydrogen is 
burned in air or in oxygen to form water, fully 28,800 calories of 
heat are given out, and if water is to be decomposed by heat 
alone that amount of heat must be added for each gram, of 
hydrogen obtained, and this heat must be concentrated 
so as to obtain high temperatures, since water does not 
begin to decompose under the influence of heat alone until a 
temperature of 1000^ has been reached and is only partly 
decomposed at 2500°. If the products of the decomposition 
are not removed as fast as they are formed the gases recombine 
even at tfi.at temperature and equihbrium is established, so that 
no further decomposition is possible. 

On the other hand a number of the active metals decompose 
water at ordinary temperatures, such as potassium, sodium, 
calcium, etc. Certain chlorides also react with water forming 
basic chlorides, such as 

antimony trichloride water antimony oxychloride hydrochloric acid water 
SbCh + SHaO SbOCl -f 2HCI + 2 H 2 O 
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Water appears on both sides of the equation because it must be 
present in excess, although only one of the water molecules 
reacts with the trichloride. 

When a gas dissolves in large amounts in water there is usually 
chemical action also. Thus ammonia, NH3, is very soluble, and 
when it dissolves in water the chemical action is represented by 
the equation 

ammonia water ammonium hydroxide 

NH3 + H2O NH4OH 

Water ts necessary in nearly every chemical reaction. It serves 
to bring about ionization and to bring the ions into close contact 
with each other. (See §101 ff.) As will be explained in Chapter 
8, acids, when ionized, yield hydrogen ions, while bases 5rLeld 
hydroxyl ions, OH. Water, H2O, may be written but 

water does not ionize, since a dilute solution of water in water is 
impossible. Thus there are no free hydrogen or hydroxyl ions 
in water, and water, therefore, does not exhibit either acid or 
basic properties, but is neutral. Even if water ionized the pro- 
portions of hydrogen and hydroxyl would be equivalent, and 
would neutralize each other, producing a neutral liquid, water. 

116 . Water of Crystallization. Many apparently dry 
crystals yield water when heated. The amount of water in 
crystals varies from none to more than half of the weight of the 
crystal. The water and the other elements forming the crystal 
form a rather unstable compound that gives up all or part of its 
water when heated slightly above the temperature of boiling 
water. If a part of the water requires a high temperature to 
drive it off that part of the water is often called the water of 
constitution. The substance that remains after the water is 
driven off is called anhydrous or dehydrated. 

When all of the properties of water are taken into account it 
is safe to say that it is the most remarkable chemical compound 
known. When compared with other substances, nearly every 
property is an extreme, usually a maximum. 
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The following table shows 


The Percentage of Water in Some of the Common Crystals 


Substance 

Formula 

Percentage 
of Water 

Sodium carbonate 

NasCOa .IOH2O 

62.9 

Sodium sulphate (Glauber’s salt) 

Na2S04 .IOH2O 

55.9 

Magnesium sulphate (Epsom salt) 

MgS04 .7H2O 

51.2 

Aluminum sulphate 

AI2 (804)3 .I8H2O 

48.6 

Sodium tetraborate (Borax) 

Na2B407 .IOH2O 

47.1 

Potassium aluminum sulphate (Alum) 

K2AI2 (804)4 .24H2O 

45.5 

Ferrous sulphate (Green vitriol) 

FeS04 .7H2O 

45.3 

Zinc sulphate (White vitriol) 

ZnS04 .7H2O 

44, 

Copper sulphate (Blue vitriol) 

CUSO4 .5H2O 

36. 

Copper nitrate 

Cu (N08)2 .3H2O 

22.4 

Calcium sulphate (Gypsum) 

CaS04 .2H2O 

20.9 

Calcium sulphate (Plaster of Paris) 

(CaS04)i^ .H2O 

6.2 

Sodium chloride (Common salt) 

NaCl 

0.0 


116. Hands of Water. The most important kinds of water 
are distilled, soft, hard and mineral. Distilled water is the 
purest and is obtained from the condensation of steam. (See 
§120.) If the water that is boiled is free from substances that 
volatilize at or below 100° the water that is obtained is practi- 
cally pure, especially if redistilled, and should be used for aU 
exact work in the laboratory. 

Of the many varieties of natural waters, rain water as it falls, 
or as it is obtained from the melting of clean snow, is more like 
distilled water than any other. The water of the last part of the 
shower is purer than that of the first part. 

Hard waters contain mineral substances in solution to a 
greater or less degree. Hard water is usually divided into two 
classes, (1) temporarily hard, containing carbonates in solution; 
and (2) permanently hard, containing sulphates in solution. 
The carbonates of temporarily hard water are chiefly calcium, 
with smaller amounts of magnesium and iron, and these may be 
thrown down by boiling, since they are held in solution by the 
presence of carbon dioxide and thus exist in the form of bicar- 
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bonates as Ca(HC 03 ) 2 , and the carbon dioxide is driven out by 
heat, forming the normal carbonate, CaCOs, which is insoluble. 
This gives rise to deposits in tea kettles, where hard water is 
used, and is the chief material in troublesome boiler scale. (See 
§401.) The removal of the carbonate, either by boihng or by 
chemicals softens the water. (See §782.) 

117. Contamination of Water. Since water is known as the 
universal solvent it is difficult to keep water in a state of absolute 
purity. As it falls through the air the gases of and in the air 



Fig 36. A Source of Impure Water. 


dissolve in it to a certain extent. When it falls upon the ground 
the various materials with which it comes in contact dissolve 
in it to a greater or less degree, and the same thing occurs when 
the water sinks into the earth, or flows in the rivers to the lakes 
and oceans. ’ Many of these substances are harmless, but others 
are dangerous to health and to life. The simple* inorganic 
materials usually found in hard or mineral waters are harmless, 
but when water comes in contact with decaying animal and 
vegetable materials, or if it is contaminated by leakage from 
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sewers barns and outhouses, the water becomes unfit to drink. 
(See Fig 36.) Sometimes this contaminated water has a dis- 
SiSe Ir taste, but at 

odorless and tasteless, and the impurities can be detected only 
by examining the water both chemically and bacteriologica y. 

(See Fig. 37.) 



Fig. 37. Typhoid Bacilli. 


Such examinations are long and are much too difficult for the 
beginner. 

118. Sea Water and Artesian Water. The water of the 
oceans is said to contain somewhere in its vast extent nearly 
every known mineral substance in solution. Since only pure 
water evaporates, the mineral matter remains and as the 
rivers are constantly bringing more of the dissolved substances 
to the oceans, the water in them is graduaUy becoming richer 
in mineral matter. Sodium chloride (common salt) is the most 
abundant substance found in sea water, making the sea the great 
source of common salt. 
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The composition of the ocean is 
follows: 

given by Prof. F. W. Clarke 

Element 

Percentage hy Weight 

Oxygen 

85 79 

Hydrogen 

. . . . 10 67 

Chlorine 

2.07 

Sodium 

1.14 

Magnesium 

0 14 

Sulphur 

0 09 

Calcium . 

0,05 

Potassium 

, . . 0 04 

Bromme 

.. . 0.008 

Carbon 

0.002 

Total 

. . . 100 00 

The composition of the oceanic salts is given as follows: 

Salt 

Pei'centage hy Wezght 

Sodium chloride 

. . . . 77 76 

Magnesium chloride . . . 

10 88 

Magnesium sulphate 

4 74 

Calcium sulphate 

... 3 60 

Potassium sulphate 

2 46 

Calcium carbonate 

0 34 

Magnesium bromide 

0 22 

Total 

100 00 


The total salts have a specific gravity of approximately 2.25. 
If the total salts were extracted they would have a volume of 
approximately 4,800,000 cubic miles, or enough to cover the 
total surface of the United States, including all possessions to a 
depth of nearly 1.25 miles. 

Artesian water ^ coming from a deep boring, is usually pure^ 
but may contain such an abundance of mineral matter as to 
make the water unfit for drinking purposes. Some of the arte- 
sian water is used for medicinal purposes when it contains vari- 
ous salts in the right proportions. Often Epsom salt is the chief 
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constituent, and the same results could be obtained by taking 
medicinal doses of magnesium sulphate. Many bottled ^'min- 
eraF’ waters are bottled in a factory, and are made to imitate a 
natural water. 

Underground water charged with carbon dioxide dissolves 
the limestone (calcium carbonate) and when the water escapes 
into a cave and the pressure is removed the carbon dioxide 
escapes and the limestone is deposited in the form of a large 
icicle, known as a stalactite, or if it drops to the floor it is built 
up into a stalagmite. 

119 . Good drinking Water should have no color nor odor, 
even after standing in closed vessels for several days. Its 
taste should be 'pleasant but not too pronounced. It should 
contain nothing that will injure the system when taken internally, 
but may contain certain solids in solution so as to overcome the 
insipid taste of pure water. It should contain the gases of the 
air dissolved in it. There should be no contamination by decay- 
ing animal or vegetable substances, and it must he free from harm- 
ful bacteria. 

The taste of drinking water depends upon the presence of 
dissolved salts chiefly of iron, manganese, magnesium, calcium, 
sodium and potassium which may occur as the hydroxide, 
nitrate, chloride, carbonate or sulphate. One part of iron or 
manganese may be detected m about 50,000 parts of water* 
If free carbon dioxide occurs in quantities greater than 100 mg. 
per liter, the taste is influenced so much that added salts can 
scarcely be noticed. The taste is influenced not only by the 
kind and amount of metallic salt present but differs considerably 
at different temperatures and is also different in different parts 
of the mouth. 

120 . Purification of Water. Drinking water may be purified 
in several ways. It may be boiled, distilled, aerated, filtered, 
or treated chemically. Boiled water has a flat insipid taste, 
disagreeable to most people. To be effective the boiling should 
be continued for at least a half hour. This will usually kill 99% 
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of all the bacteria present, and the others are almost invariably 
non-in jurious, but they may be destroyed by boiling the water 
under pressure at a temperature of 115®. (See §896.) 



4 


Fig. 38 . Distillation of Water. 
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Fig. 39. An Old Still Not Using 
Water for Condensing the 
Vapors. 


Distilled Water is produced 
by turning water into steam, 
and condensing the steam by 
allowing it to pass through a 
tube surrounded by cold 
running water. (See Figs. 38 
and 39.) 

Filtered water is more 
pleasant to the taste but is not 
as pure. A filter should have 
an extended surface where 
large amounts of water are 
used. For a cistern a very 
efficient filter may be made 
from layers of sand and gravel 
alternating with layers of char- 
coal. (See Fig. 40.) 
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Small amounts of suspended solid material may be separated 
by iSltering through filter paper. This paper is nearly pure 
cellulose, and will retain very finely divided particles. A small 
household filter is illustrated in 
Fig. 41. 

Water is often purified by the 
addition of certain chemicals, the 
exact nature of the treatment 
depending upon the substances to 
be removed. For purification of 
drinking water where typhoid bacilli 
are present chlorine is usually used. 

(See §222.) 

Sanitary control of drinking water 
reduced the number of deaths from 
typhoid fever in Minnesota from 
700 in 1910 to 82 in 1919, with the 
decrease in the number of cases 
from 14,000 to 1640. From 1900 to 
1910 the average number of deaths 
per year was 428. 

The method of purifying water 
in St. Louis costs $6.71 per million 
gallons. The treatment consists 
of 0.49 grain of ferrous sulphate per 
gallon, 5.21 grams of calcium oxide per gallon, 0.86 gram of 
aluminum sulphate per gallon, and 3.07 pounds of chlorine per 
million gallons. 

Hydrogen Dioxide, H2O2 

121. Hydrogen dioxide, or as it is usually called, hydrogen 
peroxide, may be prepared when a paste made of barium dioxide 
and water is added to a cold dilute solution of hydrochloric acid. 

barium dioxide hydrochloric acid barium chloride hydrogen dioxide 
BaOs + 2HC1 ^ BaCls + HjOs 



One 
gallon 
ui two 
minutes 


Fig. 41. A Small Household 
Filter. 
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By adding sulphuric acid cautiously to the mixture the barium 
chloride is precipitated as the sulphate and the hydrochloric 
acid is regenerated so that more of the paste may be added. 

banum chloride sulphuric acid barium sulphate hydrochloric acid 
BaCl2 + H 2 SO 4 - BaS04 1 -h 2HC1 

Finally the barium chloride may be precipitated by silver 
nitrate and the solution is then poured off and evaporated in a 
vacuum or is allowed to stand over sulphuric acid in a vacuum. 
Either sulphuric or phosphoric acid may be substituted for 
the hydrochloric acid. Hydrogen dioxide may also be made by 
dropping slowly two or three grams of sodium dioxide into a 
dilute solution of sulphuric acid (1:20). The liquid should be 
constantly stirred. 

122. Properties. When pure, hydrogen dioxide is a color- 
less, odorless, syrupy liquid. Its specific gravity is 1.452. It 
does not become solid at — 30®. It is very unstable and decom- 
poses into water and oxygen even at ordinary temperatures when 
allowed to stand, and if heated rapidly to 100® an explosion is 
apt to occur. Since hydrogen dioxide gives off oxygen so readily 
it is used as an oxidizing agent, particularly in bleaching, and it 
finds some use in medicine. Hydrogen dioxide is sold in solu- 
tions of varying strength, usually about a 3% solution. It is bit- 
ter to the taste, and if concentrated causes a prickling sensation 
when applied to the skin and produces white, spots. Hydrogen 
peroxide is sold under many names either alone or as metallic 
peroxides. Dioxygen contains about 3%, perhydrol about 339J . 
Some of the trade names are hydrozone, glycozone and pyro- 
zone. As metallic peroxides it may be obtained as sodium 
peroxide (oxone), magnesium peroxide (heptogan), zinc peroxide 
(ektogan), etc. 

123 . Chemical Action of Hydrogen Dioxide. When hydrogen 
dioxide reacts with any other substance it is reduced j since it is 
the highest oxide of hydrogen known. The reactions are, 
therefore, based upon the effects upon the other substance. In the 
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first clas^ of reactions the other substance is oxidized, for 
example, lead sulphide becomes lead sulphate. In the second 
class the other body undergoes no change as when hydrogen 
dioxide is mixed with such substances as manganese dioxide, 
platinum, gold, silver, carbon, etc. In the third class of reactions 
the other body is reduced. This happens in cases where the 
other body is rich in oxygen, such as potassium permanganate, 
potassium dichromate, etc. In these cases of mutual reduction 
the atoms of oxygen join to form molecules of oxygen. 

124. The best test for hydrogen dioxide is to add to the 
solution to be tested a little ether and a few drops of potassium 
dichromate solution. If hydrogen dioxide is present the dichro- 
mate is reduced to perchromic acid and upon shaking the tube 
this is absorbed by the ether and a blue color is produced. The 
ether may be omitted and the dichromate is made acid by a 
little sulphuric acid. If the ether is not added the perchromic 
acid is rapidly reduced and the solution turns green. If 
hydrogen dioxide is present in rain water it may be detected 
by this method. 

125. Problems. 

1. How much nitrogen is evolved from five grams of aBomonium 
nitrite? 

NH4N02~>2H204-N2 

2. How many grams of ammonium chloride and how many of potas- 
sium nitrite must be used to form 10 grams of ammonium nitrite? (§70) 

3. From its action upon water which will evolve more hydrogen, a 
gram of sodium or a gram of potassium? Show the result by a quantitative 
equation. (§61). 

4. How much sulphuric acid wiU react with ten grams of each of the 
following metals: iron, zinc, magnesium, manganese? How much hydrogen 
could be obtained from each of these reactions’^ Would there be any dif- 
ference if you used hydrochloric acid instead of sulphuric? (§59). 

5. How many grams of water are required to change 25 grams of 
calcium oxide to calcium hydroxide? 


CaO+H^O-^Ca (OH)2 
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6. How many grams of water of crystallization in 10 grains of each 
of the following salts: CuSO^AHjO; ZnS04.7H20, CufNO,,)^ SILO; 
CaSO, 2 H 2 O; MgS 04 . 7 H 20 

7. How much water can be decomposed by 5 grams of each of the 
followmg metals: sodium, potassium, calcium^ (§61). 
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NITROGEN COMPOUNDS 

The most important compounds of nitrogen in elementary 
work are ammonia, nitric acid and nitrates, and the oxides of 
nitrogen. 

Ammonia. NHs 

126. Occurrence. Whenever organic matter containing 
nitrogen decays, ammonia is formed. To a slight extent some of 
the ammonium compounds are found in the air, while they are 
often found in water. The occurrence of ammonium salts m 
water means contamination, probably from sewage. 

127. Source and Preparation. The direct union of nitrogen 
and hydrogen is very difficult so that the formation of ammonia 
by synthesis is very seldom attempted, only 2% of the m^ed 
gases uniting unless the ammonia is removed as fast as it is 
formed, otherwise equilibrium occurs and the reaction ceases. 
This percentage may be increased to 8 by passing the mixed 
gases under 200 atmospheres pressure and at a temperature of 
500° over specially prepared iron or uranium, known as the 
Haber process. The uncombined gases may be used many times 
until practically entirely combined. 

A contact agent for the synthesis of ammonia may consist 
of an alkali which has been heated in ammonia gas. The starting 
material may be calcium ferrocyanide, potassium ferrocyanide, 
or various other similar compounds made into solution. 
Pumice stone is immersed in the solution, the water is vaporized 
and the mass is given a preliminary heating to about 350 
in an atmosphere of oxygen-free hydrogen or nitrogen, or in a 
mixture of both, or in an atmosphere of ammonia. The material 
is then transferred to an autoclave and heated not above 650 
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in a current of ammonia gas at atmospheric pressure. The pro- 
duct is then capable of producing synthetic ammonia at a tem- 
perature of about 400® under a pressure of 100 atmospheres, 
considerably less than required by the Haber process. 

Ammonia has been obtained for a number of years from the 
wash water of the gas works where the gas is made from the 
distillation of bituminous coal. The ammonia dissolves in the 
wash water, and when different acids, such as hydrochloric, 
sulphuric or nitric, are added to the water containing the 
ammonia, salts of ammonium are obtained, according to the 
acid used. 

NH4OH+HCI -> H2O4-NH4CI 

These salts are the basis of the other ammonium compounds, 
and will give off ammonia when heated with strong caustic 
alkalies, such as the hydroxide of sodium, potassium or calcium. 

The cokemakers of the United States permit most of the 
ammonia to go to waste, losing enough to make 400,000 tons of 
ammonium sulphate per year, although we have been importing 
70,000 tons used chiefly as a source of nitrogen in fertilizers. 
(See Chapter 29). 

Later methods derive the gas from the distillation of the refuse 
of packing houses, tanneries, etc. It is also formed when electric 
sparks are passed through nitrogen in the presence of water. 
Nitrous acid is formed at the same time, and this reacts with the 
ammonia forming ammonium nitrite, so that this compound is 
always formed in the air in minute quantities during electrical 
storms. The equation is 

nitrogen water ammonium nitrite 

Na + 2E2O NH4NO2 

No matter how the ammonia is prepared it is usually dissolved 
in water to form ammonium hydroxide, commercially known as 
ammonia water or aqua ammonia. Ammonia is exceedingly 
soluble in water, and, as in other cases where the gas is quite 
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soluble, there is probably chemical reaction between it and the 
water. The equation is reversible 

ammonia water ammonium hydroxide 

NHs + H2O ^ — > NH4OH 

The usual laboratory method of obtaining ammonia gas is to 
heat a little ammonium hydroxide, collecting the gas in dry 
inverted receivers. It may be obtained by heating ammonium 
chloride or other ammonium salt with calcium hydroxide, 

calcium hydroxide ammonium chloride calcium chloride 
Ca(OH)2 + 2NH4CI CaCh + 

ammonium hydroxide ammonia water 
2NH4OH or 2NH3 + 2H2O 

or by heating any ammonium salt with any strong alkali as 
NaOH, KOH or Ca(OH) 2 . (See Fig, 42,) 



Liquid ammonia may be obtained in small iron cylinders. 

128. Physical Properties. Ammonia is a colorless, trans- 
parent gas, with a sharp, burning taste, and a very penetrating, 
overpowering odor. If breathed in large amounts suffocation 
results. The gas is 8,48 times as heavy as hydrogen and only 



98 


CHEMISTRY IN EVERYDAY LIFE 


about 0.597 as heavy as air. Ammonia becomes a liquid at 
—40° under normal pressure, or at —10° under 6.50 atmos- 
pheres, or at ordinary temperatures by pressure alone. It turns 
to a white crystalline solid with very little odor at —77°, Just 
as any liquid in turning to a gas absorbs heat, so ammonia 
absorbs heat from surrounding objects when turning from the 
liquid to the gas and this principle is made use of in manu- 
facturing artificial ice, (§132.) 

One volume of water will absorb about 1148 volumes of 
ammonia gas at 0°. Since 1 cc. of water weighs 1 gram, and 1 
liter of ammonia weighs 0.7706 gram it means that 1 gram of 
water will absorb about 0.875 gram of ammonia at 0°. The 
ammonium hydroxide as used in the laboratory has a specific 
gravity of 0 855 to 0 882 which means that at 15° it is about a 
35% solution. 

Ammonia is usually dried by passing it through a tower filled 
with calcium oxide or soda lime. Calcium chloride is not used 
because there is chemical action between it and the gas, 

129. Chemical Properties. Ammonia will not support 
ordinary combustion, nor will it burn in the air, but in an 
atmosphere of oxygen it burns feebly with a pale yellow flame 
forming nitrogen and water. Like other substances, perfectly 
dry ammonia is very inert, not reacting to the shghtest degree 
with perfectly dry hydrochloric acid gas, but if moisture is 
present the two react readily forming ammonium chloride. 
Ammonium hydroxide does not ionize readily and is, therefore, 
a weak base. 

Either gaseous ammonia or ammonium hydroxide will react 
with acids to form ammonium salts and water, as 

ammomum hydroxide nitric acid water ammonium nitrate 
NH4OH + HNO3 H2O + NH4NO3 (solution) 

Ammonium Hydroxide, as such, has never been separated, 
since it always dissociates into ammonia and water. In the 
same way the radical ammonium is not known in the free condi-* 
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tion. When a strong solution of ammonium chloride is poured 
over sodium amalgam ammonium amalgam is formed, but 
nothing nearer the metallic ammonium has ever been formed. 
Ammonium hydroxide acts as a poison when swallowed. Vine- 
gar or lemon juice acts as an antidote. 

130. Composition of Ammonia. Various methods have been 
used for analyzing ammonia, and it may also be made by synthe- 
sis, but all methods give the same quantitative composition of 
anamonia, namely, 1 volume of nitrogen with 3 volumes of 
hydrogen or 14 parts by weight of nitrogen with 3 parts of 
hydrogen. 

131. Dissociation of Ammonium Compounds. Ammonium 
hydroxide decomposes into ammonia and water if the tempera- 
ture is raised only a few degrees, but the temperature required 
for the other compounds is considerably higher. Ammonium 
chloride decomposes at about 350°. The equation is 

ammonium chloride ammonia hydrochloric acid 
NH4CI ^ ^ NH3T + HCl T 

which shows that the reaction is reversible and the two gases 
recombine to form the original salt. This is typical of a large 
number of cases where the products are gaseous, but if the 
chloride is heated with calcium hydroxide, the hydrochloric 
acid, formed when the ammonium chloride is decomposed, 
reacts with the calcium hydroxide to form w^'ater and calcium 
chloride according to the regular law of neutralization, so that 
the final equation may be written 

ammonium chloiide calcium hydroxide ammonia calcium chloride water 

2NH4CI -f Ca(OH)2 2NH3 d- CaCh + 2H2O 

Other ammonium compounds that dissociate into compounds 
not entirely gaseous, do not have the tendency to recombine. 

132. Uses of Amm onia. Artificial Ice. Ammonia is used 
very larecelv in artificial ice plants. The ammonia is compressed 
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to a liqiiid and is cooled under pressure by running water. 
(See Fig. 43.) It is then conducted through pipes placed in the 
brine vats where the ammonia expands to the gaseous condi- 



tion. One gram of liquid ammonia requires 260 calories of heat 
to vaporize it and this heat is taken from the brine which in 



Fio. 44. Triumph Ice Tank. 
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turn takes heat from the water to be frozen, contained in tanks 
holding about 300 pounds. The ice is solid in from 36 to 40 
hours. Since 1 gram of water in cooling 1 degree gives off 1 
calorie of heat, and in solidifying gives off 80 calories it may 
readily be seen that theoretically 1 gram of liquid ammonia 
turning to the vapor requires the heat given off by 2.6 grams of 
water cooled from 20® to the point of solidification. (See 
Fig. 44.) 

By using the same general method, but omitting the brine 
and the vats, ammonia is used for cooling rooms, refrigerators, 
etc. 

Ammonium hydroxide is frequently used in the home for 
various purposes, such as cleaning, or for softening water. It 
is often, but erroneously, called liquid ammonia. 

Ammonia may be used to restore consciousness in overdoses 
of anesthetics, or in faintness: it overcomes to a large extent 
the effect of chlorine, bromine vapor, sulphur dioxide, hydro- 
chloric acid, etc., when inhaled in the laboratory; and may 
remove the red spots from the clothing when sulphuric or hydro- 
chloric acid is spilled; but should not be used with the yellow 

spots of nitric acid, which 
are permanent and become 
more intense in color when 
ammonia is applied. 

Nitkic Acid, HNO3 

133. Source and Prep- 
aration. Nitric acid, known 
for nearly 1200 years, is 
Fig. 45. Preparation of Nitric Acid, prepared by heating sodium 

nitrate. with sulphuric acid. 
(Fig. 45.) If the temperature is moderate and gram equiva- 
lents of the reacting substances are used the resulting products 
are sodium acid sulphate and nitric acid, since only 1 of the 
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replaceable hydrogen atoms of the sulphuric acid reacts with a 
nitrate radical. 

sodium nitrate sulphuric acid sodium acid sulphate nitric acid 
NaNOs -h H2SO4 NaHS04 (solid) 4- HNOa /liquid) 

85 98 120 63 

But if double the amount of the sodium nitrate is used and the 
temperature is raised the normal sulphate of sodimn is formed 
and there will be twice the amount of nitric acid formed : 

sodium nitrate sulphuric acid sodium sulphate nitric acid 
2NaN03 + H2SO4 Na2S04 (solid) +2HNO3 (liquid) 

170 98 142 126 

Probably the reaction occurs in two stages the first being repre- 
sented by the first equation while the second stage may be 


ja B. 



Fig. 46. Commercial Preparation of Nitric Acid. 


represented by the reaction between the sodium nitrate and the 
sodium acid sulphate, 

sodium acid sulphate sodium nitrate sodium sulphate nitric acid 
NaHS 04 + NaNOa NazSOi + HNO3 

120 85 142 63 
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Part of the nitric acid is decomposed by the high temperature 
required and the acid is colored brown because of the presence 
of the oxides of nitrogen, forming in part fuming nitric acid so 
that it must be purified before being used. In commerce nitric 
acid is made in cast iron retorts and the pressure is reduced so 
as to lower the boiling point and thus prevent decomposition. 
(See Fig. 46.) 

Sodium nitrate is a natural product and is often called Chile 
saltpeter to distinguish it from potassium nitrate, called salt- 
peter. Nitrates are formed in nature by the fixation of atmos- 
pheric nitrogen through the action of nitrifying bacteria. 
Artificial nitrates are now being produced. (See Chapter 29.) 

134. Physical Properties. Nitric acid is a colorless, volatile 
liquid, boiling at 86®. It mixes in all proportions with water, 
and if heated when either concentrated or dilute, either water or 
acid will boil off until the solution is about 68% acid, with a 
constant boiling point at 120.5®. (See also §225, hydrochloric 
acid.) The purest acid usually contains some impurities such as 
sulphuric acid, hydrochloric acid, chlorine, etc., and is never 
obtained with a purity of much more than 99.5%. The specific 
gravity of the purest acids varies from 1.52 to 1.56, but an acid 
of the usual laboratory grade will have a specific gravity of 
about 1.42. 

136. Chemical Properties. Nitric acid is very highly 
ionized, and is, therefore, classed as one of the strong acids. 
When it begins to boil at 86® it also begins to decompose, 
and the decomposition is complete at 256®, the reaction being 
represented by the equation, 

nitric acid nitrogen tetroxide water (steam) oxygen 

2HN08 2 NO 2 + H 2 O 4- O t 

Nitric acid has two great functions, (1) it forms the nitrates 
of metals; (2) it acts as a powerful oxidizing agent. 

As examples of the first function we may notice the formation 
of nitrates from the action of nitric acid upon the hydroxides 
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of metals as given under neutralization, (§153). It also forms 
the nitrates of metals by acting upon the metals themselves, 
but the action is different from the action of the metals with 
either sulphuric or hydrochloric acid. With the last two free 
hydrogen will be evolved, but when nifcric acid is used the 
nascent hydrogen acts upon the remaining acid and decomposes 
it, the exact products of the decomposition depending upon 
(1) the metal used; (2) the strength of the acid; (3) the tem- 
perature; (4) the amount of the nitrate of the metal already 
formed. Water will be formed together with one of the oxides 
of nitrogen; or water with ammonia; etc. 

As a typical equation for the reaction of nitric acid upon a 
metal we may notice what occurs when a moderately concen- 
trated acid acts upon copper. 

copper nitric acid copper nitrate hydrogen 

3 Cu -h 6HNO3 3 Cu(N08)2 -f 6 H (gas) 

The ionic hydrogen instead of passing off as a gas, acts upon 
more of the acid 

hydrogen nitric acid nitrogen dioxide water 

6H + 2 HNO 3 -> N2O2 ' + 4HuO 

and the nitrogen dioxide reacts with the oxygen of the air to 
form the tetroxide 

nitrogen dioxide oxygen nitrogen tetroxide 
N2O2 4. O2 T N2O4 T 

If we add the three equations together, cancelling what occurs 
on both sides, the complete equation might be written 

copper nitric acid oxygen copper nitrate water nitrogen tetroxide 

3 Cu + 8HNO3+ O2 3 Cu(NOs) 2 (solution) -f4H20 4- N2O4 1 

If the reaction occurs in a closed vessel the reaction repre- 
sented by the third equation ceases as soon as the air in the 
vessel has been used to oxidize the dioxide. 
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The second function of nitric acid — oxidation — is seen when 
substances like sulphur, phosphorus, carbon, arsenic, silicon, 
etc., are placed in the acid. They do not have the power of the 
metals to set hydrogen free but they are oxidized to the cor- 
responding acid. 

2HNO8-I-S+O2 (from the air)— >£[5804 -fN204 (or 2NO2) 

Dilute acid does not have the same oxidizing power as the con- 
centrated acid. 

Ordinary nitric acid spilled upon the skin and immediately 
washed off does not usually burn, but the concentrated acid 
will often cause painful blisters before the acid is removed. The 
protein of the skin reacts with the acid and the skin is colored 
yellow, the color remaining for about two weeks. There is no 
satisfactory method of removing the color. When taken intern- 
ally 1/4 to 1/2 ounce will cause death within 24 hours. 

To test for nitric acid or nitrates, add fresh ferrous sulphate 
solution to the solution to be tested. Incline the test tube, 
and let some concentrated sulphuric acid run down the tube to 
the bottom. A brown ring where liquids meet shows nitrates. 

GPe'^S04+3H2S04H-2HN08->3Fe2"' ( 804 ) 3 + 4 H 2 O+ 2 NO 

The brown color is caused by the formation of FeSO4.NO. The 
color disappears when the concentration of HNO3 increases 
causing a change of Fe" to Fe'". 

Nitric acid is monobasic and forms one series of soluble 
nitrates, but when the acid acts with such bases as bismuth 
hydroxide, Bi(OH) 3 , which is a triacid base, basic nitrates of 
bismuth may be formed, one of which may be written Bi(OH) 2 - 
NO 3 , which may be regarded as normal bismuth hydroxide 
neutralized. If the hydroxide is % neutralized the resulting 
compound is Bi 0 H(N 03 ) 2 . If fully neutralized it is Bi(N08)3* 
When Bi( 0 H) 2 N 03 is heated water is given off and BiONOs is 
formed. 
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136. Uses of Nitric Acid. Nitric acid is very widely used, 
jSnding application in the manufacture of sulphuric acid; 
oxalic acid from starch, si.igar, etc.; picric acid; nitro-glycerin; 
TNT; TNA; TNX; (§947) etching on copper and steel, refining 
gold, silver and other metals, etc. Mixed with hydrochloric 
acid (1.3) it forms aqua regia, which reacts with gold and 
platinum. 

Oxides of Nitrogen 

137. The Oxides of Nitrogen are Five in Number, differing 
from each other in composition and properties. Each of the 
compounds may be said to be made up of 2 atoms of nitrogen 
with varying amounts of oxygen, the amount of the variation 
being from 1 to 5 atoms. 

Nitrogen Monoxide or Nitrous Oxide, N2O 

138. Nitrogen Monoxide or ^Taughing gas,” so named be- 
cause of the peculiar intoxicating effect produced when a small 
amount of the impure gas is taken into the lungs, is used in a 
pure condition as an anesthetic. If the effect is to last more 
than a few seconds the gas is administered continuously, together 
with pure oxygen, and the anesthesia disappears as soon as the 
nitrogen monoxide is shut off and only the oxygen is given. 

139. Preparation. The usual method of preparing nitrogen 
monoxide is to heat ammonium nitrate to 170°. (See Fig. 47.) 
The nitrate is decomposed by heat, and in the rearrangement of 
atoms the hydrogen unites with a part of the oxygen, while the 
remainder of the oxygen unites with the nitrogen, giving a 
final reaction that may be expressed by the equation 

ammonium nitrate nitrogen monoxide water 
NH4NO3 N2OT + 2H2O 

This reaction is similar to the one obtained when ammonium 
riitrite is heated to obtain nitrogen where the equation is 

ammonium mtnte nitrogen water 

NH4NO2 ^ NsT + 2H2O 
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the only diherence being the 1 atona of oxygen that combines 
with the nitrogen in the nitrate reaction. It may be purified for 
use as an anesthetic by passing it successively through solutions 
of potassium permanganate, 10% sodium hydroxide and 20% 
sulphuric acid. 

140. Physical Properties. Nitrogen monoxide is a colorless 
gas having a sweetish taste and odor. Its specific gravity is 
1.5298. One liter of the gas weighs 1.9777 grams. One volume 
of cold water will dissolve about 1.3 volumes of nitrogen 
monoxide. At a temperature of 0° under 30 atmospheres pres- 



Fig. 47. Preparation of Nitrons Fig. 48. Analysis of Nitrous 
Oxide. Oxide. 


sure the gas liquefies. In this condition it is sold in strong steel 
cylinders to doctors and dentists as an anesthetic. The liquid 
boils at -“90° and becomes solid at — 102.3°. 

141. Chemical Properties. Nitrogen monoxide supports 
combustion about as well as oxygen, and with certain substances, 
as hydrogen and carbon, the combustion is even more brilliant. 
In order to support combustion, the gas must be decomposed, 
so that the free oxygen may unite with the substance to be 
burned. Nitrogen monoxide will even light a splinter of wood 
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with a spark on it, (compare with oxygen) and in this way differs 
from all the other oxides of nitrogen. The best way of distin- 
guishing the gas from oxygen is to mix some of it with some 
nitrogen dioxide. If the gas is oxygen red fumes of nitrogen 
tetroxide are produced, but if it is the monoxide no change of 
color occurs. The gas has no effect on litmus. By placing a 
small piece of sodium in the horizontal arm of a benfc tube filled 
with nitrous oxide, dipping the open end of the tube into mercury 
and heating the sodium, a chemical action occurs between the 
sodium and the oxygen of the nitrous oxide, and mercury 
rises in the tube until it fiUs 3^ of the entire tube. (See Fig. 48.) 
This shows that the gas is oxygen. The gas filling the 
remaining % of the tube may be shown to be nitrogen. How? 

Nitrogen Dioxide or Nitric Oxide, N 2 O 2 or NO 

142 . Preparation. Nitrogen dioxide may be made by ad- 
ding copper to nitric acid having a specific gravity of about 1.12. 
If the reaction is carried out in a flask fitted with a stopper and 
delivery-tube, it wiU be observed that red vapors of nitrogen 
tetroxide fill the flask at first, and then disappear as the oxygen 
of the air in the flask is exhausted. The oxygen has combined 
with the nitrogen dioxide to form the tetroxide. If the operation 
is carried out in the open air the constant change of air will 
change all of the nitrogen dioxide to the tetroxide. 

143 . Physical Properties. Nitrogen dioxide is a colorless 
gas. Its odor is unknown, since it will unite with the oxygen of 
the air to form the tetroxide before one is able to smell it, W a ter 
will dissolve 1/^ its volume of nitrogen dioxide. By cold and 
pressure, it may be condensed to a colorless liquid that boils at 
— 142.4*^ and is solid at —160°. Its specific gravity is 1.0367 
(air= 1). The weight of one liter of the gas is 1.34 grams. 

144 . Chemical Properties. Nitrogen dioxide combines 
directly with free oxygen to form the tetroxide, and a consider- 
able amount of heat is evolved during the combination. If the 
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temperature is not too high some nitrogen trioxide is also 
formed. The combination of the oxygen and nitrogen is closer 
than in nitrogen monoxide so that the gas is not as good a 
supporter of combustion, WelHighted phosphorus or magne- 
sium introduced into the gas will burn brightly. A few drops of 
carbon disulphide in a bottle of nitrogen dioxide, when vapo- 
rized, will burn with a brilliant flash. Burning hydrogen will 
decompose the gas forming water, and set nitrogen free^ 

Nitrogen Tetroxide, N 2 O 4 or NO 2 

146. Preparation. If the liquid substance is desired the 
best method is to heat to redness, lead nitrate, Pb(N 03 ) 2 , 
that has been well dried. The equation for the final reaction is 

lead nitrate lead oxide oxygen nitrogen tetroxide 
Pb(N03)2 PbO -f O T + N2O4 T 

If the receiving vessel is surrounded by a mixture of ice and salt 
or snow and salt, a nearly colorless or yellowish liquid will 
form, that becomes solid at - It may be prepared in the 

gaseous state by simply exposing nitrogen dioxide to the air, 
or to oxygen. 

146. Physical Properties. Below - 10 nitrogen tetroxide 
is a white solid. Above that temperature it is a very pale 
yellow liquid that becomes darker at 0°, is orange brown at 15®, 
boils at 22®, giving off red brown vapors that become more 
intense in color until 140® is reached when they are red-black. 
At 600® the vapor again becomes colorless. The specific gravity 
of the liquid is 1.45 (H 2 O = 1). At the lowest temperatures the 
molecular weight is 92 and the density is 46 (H = 1) which cor- 
responds to the formula N 2 O 4 * Abo v e 1 50® the molecular weight 
is 46 and the density only 23 corresponding to the formula NO 2 . 
Between these limits both substances seem to be mixed together 
owing to the dissociation of part of the tetroxide when heated. 
The change from N 2 O 4 to NO 2 is gradual. For convenience of 
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comparison ths student should use the formula N 2 O 4 at ordinary 
temperatures. 

147, Chemical Properties. The gas is a corrosive poison 
and very dangerous to inhale. It acts energetically upon sub- 
stances that can take up oxygen. When treated with a little 
cold water it decomposes into nitric and nitrous acids. 

nitrogen tetroxide water nitric acid nitrous acid 
N2O4 + H.O-^ HNO3 + HNO2 

If the water is hot the reaction gives nitric acid and nitrogen 
dioxide. 

nitrogen tetroxide water nitric acid nitrogen dioxide 

3N2O4 -f2H20 4HNO3 + N 2 O 2 T 

The dioxide will take oxygen from the air and again form the 
tetroxide. Copper, nickel and cobalt absorb the tetroxide, 
forming the nitro metals such as CU 2 NO 2 , a dark red powder that 
is decomposed at 90° into copper and nitrogen tetroxide. 

Nitrogen tetroxide has been widely used in the bleaching of 
flour. It is illegal to use it for this purpose, since second and 
third grade flour may be made to resemble the finest patent 
flour. The method is very rapid and produces in a short time 
the same bleaching effect that is produced in about 3 months 
when it IS not used. 

148. Problems. 1. How many grams of ammonium nitrate arc 
required to prepare 10 liters of nitrogen monoxide'i^ (§139). 

2. Write the quantitative equation for the reaction of sodium hy- 
droxide and nitrogen tnoxide. 

2NaOH +N 203 ”-^ 2 NaN 02 +H 2 O 

3. Write the quantitative equation to show the formation of nitrogen 
tetroxide from lead nitrate. (§145) 

4. How much nitric acid will be formed if 20 grams of nitrogen pen- 
toxide are added to water‘d 

N206-hH20-^2HN03 

5. How much ammonia is formed by the action of 25 grams of ammo- 
nium'? (§131). 

6. How much hydrochloric acid is required to neutralize the ammonia 
formed m the preceding problem? (§127). 
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7. How much nitric acid can be made from one kilogram of sodium 
nitrate*^ 

NaNOa +H2S04->NaHS04 +HNO3 

8. Write the quantitative equation for the decomposition of mtne 
acid by copper. (§135). 



CHAPTER VIII 


ACIDS, BASES AND SALTS 

149. The Old Theory of Acids held that oxygen was the 
most important element in all acids, which led to numerous 
errors, such as supposing that hydrochloric acid, HCl, must 
contain oxygen. This theory has long been abandoned, but in 
commerce the old names still cling to many substances that are 
more properly called oxides, or acid anhydrides, since they give 
the solution of an acid when water is added. Carbon dioxide 
is thus often called carbonic acid, or carbonic acid gas; arsenic 
trioxide is called arsenious acid, etc. 

160. Present Theory of Acids. Chemically an acid consists 
of hydrogen joined to a nonmetallic element or radical, such as 
HCl, HNO3, or HaS04. A soluble acid usually has a sour taste, 
turns litmus and other vegetable colors red, removes the color 
from reddened phenolphthalein, and is capable of reacting with a 
base to form water and some kind of salt, depending upon the 
acid and base used. The student is apt to think of all acids as 
liquid, because he has poured the common acids or their solu- 
tions from bottles, but a careful study of acids will show that of 
about 300 well defined acids, 1 % are gases, 16% are liquids, 
and 83% are solids. Hydrochloric is the only common gaseous 
acid, usually used as a solution in water; nitric and sulphuric 
are the conamon liquid acids, and the others used by the begin- 
ner are solutions of solids. 

151. Bases. A base-forming element is one that will unite 
with oxygen or the radical OH, to form a compound that will, 
in solution, turn red litmus blue, or colorless phenolphthalein 
red. The ammonium radical, NH 4 , may take the place of the 
base-forming element in the compound. A base will react with 
an acid to form water and a salt. Bases are often called hy- 
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droxides or hydrates, and the more caustic bases, i. e*, those that 
ionize more fully, are known as alkalies or caustic alkalies, such 
as sodium hydroxide or potassium hydroxide. 

162. Comparison of Acids and Bases. It will be observed 
that an acid and a base are practically the exact opposites, from a 
chemical standpoint. An acid in solution yields free hydrogen 
ions, while a base in solution yields hydroxyl ions. The hydrogen 
is positive and the hydroxyl is negative, and just as in algebra, 
when the addition of positive and negative numbers having the 
same absolute value will give zero, the combination of the 
hydrogen with the hydroxyl gives water which is zero from the 
acidic or basic standpoint, since it does not ionize. 

153. Neutralization. The process of combining an acid 
with a base in definite proportions so that the resulting mixture is 
neither add nor basic is called neutralization. The constant 
product is always water, and the variable product is a salt com- 
posed of the remainder of the acid and the base. It should be borne 
in mind that in all neutralizations nitric acid gives nitrates, 
sulphuric acid gives sulphates, hydrochloric acid gives chlorides, 
etc., 
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From the ionic standpoint the positive hydrogen ion combines 
with the negative hydroxyl ion to form neutral water, and the 
positive metallic ion combines with the negative add radical to 
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form a salt. For accurate work carefully graduated burettes 
are used. (See Fig. 49.) If a whole number of cc. of either 
acid or alkah is to be taken it may be measured with a pipette. 
(See Fig. 50.) Care must be taken not to draw any of the liquid 
into the mouth. 



A 

Fig. 49. Burette and Section Showing 
Meniscus. 


154. Acid Radicals. A radical may be defined as a group of 
two or more elements that usually act as a single element. In all 
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discussion of the ionic theory a single element classed as a 
non-metal may be considered as a radical, but we shall treat a 
radical as a group for the present. In what may be called “test- 
tube reactions” the radical usually does not change either by 
giving up a part of itself to something else or by taking other 
elements from other substances. Most radicals unite with 
hydrogen to form adds or with metals to form salts. In either case 
the group forming the radical is the same. 

166. Valence of Radicals. The free valence of radicals is 
the same as the valence of elements. Thus we have univalent 
radicals, having a valence of one; bivalent radicals, having a 
valence of two; trivalent radicals, having a valence of three; 
and quadrivalent radicals having a valence of four. In the list 
of common radicals that follows it will be noticed that in the 
radicals acting as non-metals oxygen is usually combined with 
some other element. The valence of the element combined with 
oxygen will be discussed m Chapter 9. 

List of Common Radicals 

The student is to lea^m first the radicals marked **; then the 
radicals marked *; later as many as time permits of the others. 

1. Univalent Radicals. 

a. Acting as a metal, having charge. 

**NH 4 giving ammonium compounds, as ammonium 
chloride, NH4CI. 

b. Acting as non-metals, having 1*" charge. 

NO 2 , giving nitrous acid, HNO 2 , or nitrites, as sodium 
nitrite, NaN 02 . 

^-^NOs, giving nitric acid, HNO3, or nitrates, as sodium 
nitrate, NaNOs. 

CIO, giving hypochlorous acid, HCIO, or hypochlorites, 
as sodium hypochlorite, NaClO- 
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CIO2, giving chlorous acid, HCIO2, or chlorites, as 
sodium chlorite, NaC102. 

CIO3, giving chloric acid, HCIO3, or chlorates, as sodium 
chlorate, NaClOs. 

CIO4, giving perchloric acid, HCIO4, or perchlorates, 
as sodium perchlorate, NaC104. 

BrOs, giving bromic acid, HBrOg, or bromates, as 
sodium bromate, NaBrOa. 

IO3, giving iodic acid, HIO3, or iodates, as sodium 
iodate, NalOs. 

*C2H302, giving acetic acid, HC2H3O2, or acetates, as 
sodium acetate, NaC2H302. 

Mn04, giving permanganic acid, HMn04, or perman- 
ganates, as sodium permanganate, NaMn04. 

c. Modifications of bivalent radicals, acting as univalent, 

having I'^charge. 

*HC4H406, giving tartaric acid, H2C4H4O6, or bitar- 
trates, as sodium bitartrate, NaHC4H406. 

•^HCOs, giving carbonic acid, H2CO3, or bicarbonates, as 
sodium bicarbonate, NaHCOa. 

^HS04, giving sulphuric acid, H2SO4, or bisulphates, as 
sodium bisulphate, NaHS04. 

d. Univalent radical not forming an acid, having l““charge» 

giving water, HOH or H2O, or hydroxides, as 
sodium hydroxide, NaOH. 

radicals, acting as non-metals, having 2 '~charges. 

SO3, giving sulphurous acid, H2SO8, or sulphites, as 

^ sodium sulphite, Na2S03. 

**S04, giving sulphuric acid, H 2 SO 4 , or sulphates, as 

sodium sulphate, Na2S04* 

"***003, giving carbonic acid, HiiCOa, or carbonates, as 
sodium carbonate, Na2C03. 
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'’'C2O4, giving oxalic acid, H2C2O4, or oxalates, as sodium 
oxalate, Na2C204. 

C4H4O6, giving tartaric acid, H2C4H4O6, or tartrates, as 
^sodium tartrate, Na^CJI^Oe. 

B4O7, giving tetraboric acid, H2B4O7, or tetraborates, 
as sodium tetraborate, Na2B407. 

*Cr04, giving chromic acid, H2Cr04, or chromates, as 
sodium chromate, Na2Cr04. 

Cr207, giving dichromic acid, H2Cr207, or dichromates, 
as sodium dichromate, Na2Cr207. 

Mn04, giving manganic acid, H2Mn04, or manganates, 
as sodium manganate, Na2Mn04. 

SiOa, giving silicic acid, H2Si03, or silicates, as sodium 
silicate, Na2Si03. 

3 . Trivalent radicals, acting as non-metals, having 3 ~charges, 

ASO4, giving arsenic acid, H3ASO4, or arsenates, as 
sodium arsenate, Na2HAs04. 

PO4, giving phosphoric acid, H3PO4, or phosphates, as 
sodium phosphate, Na3P04. 

4 , Acid radicals, not containing oxygen. 

a. Univalent, having 1 ”* charge. 

CN, giving hydrocyanic acid, HCN, or cyanides, as 
sodium cyanide, NaCN, 

*SCN, giving sulphocyanic acid, HSCN, or sulpho- 
cyanates, as sodium sulphocyanate, NaSCN. 

b. Trivalent, having 3 ““charges. 

*Fe'"(CN)(„ giving hydroferricyanic acid, HsFe'"- 
(CN) 6 , or ferricyanides, as sodium ferricyanide, 
NagFe'" (CN) 6 . 

c. Quadrivalent, having charges. 

*Fe" (CN^e, giving hydroferrocyanic acid, H4Fe"(CN)6, 
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or ferrocyanides, as sodium ferrocyanide, Na 4 Fe"'- 

(CN)6. 

In the illustrations of salts, given in the preceding list, sodium 
salts have been listed throughout, so that the student may 
concentrate his attention upon the radical, rather than upon the 
metal with which the radical is combined. 

Among the carbon compounds there are a great many radicals, 
Some acting as metals, others as non-metals, but they will not 
be discussed at this time. 

156 . Salts. A salt is a combination of a metal or metallic 
radical with a non-metallic element or radical. Salts are formed 
in several ways, one of which is the neutralization of a base by 
an acidj and for practical purposes it is convenient to consider 
all salts as made in that manner, even when the actual formation 
is brought about otherwise. Salts differ from both acids and 
bases in that the salt is usually neutral towards indicators, such 
as litmus. The reason for this is that the 'positive and negative 
ions are equal j and neither hydrogen ions, giving an acid reaction^ 
nor hydroxyl ions, giving an alkaline reaction, are present in 
excess, (See, however, §162.) 

167 . Conditions in the Solutions That Form Salts, When 
an acid is made into dilute solution free hydrogen cations and 
free radical anions are separated from the acid. In the saim^ 
way in the solution of the base, free metal cations and free 
hydroxyl anions occur. The hydrogen and hydroxyl ions unite 
to form water, and the metallic cation unites with the radical 
anion to form the salt. As the solution is slowly evaporated the 
percentage of ionization decreases and the salt will appear as 
crystals. 

168 . Classification of Acids. From the standpoint of the 
ionic theory acids may be divided into several classes, the division 
being based upon the number of hydrogen ions set free when a 
molecule of the add is dissolved in water. Hydrochloric acid, 
HCl, acetic acid, HC2H3O2, nitric acid, HNO3, and other acids 
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containing only one atom of hydrogen outside of the radical, 
will yield one hydrogen ion w'hen the acid is dissolved, and are 
called monohasiCj because the one hydrogen ion can combine with 
only one hydroxyl radical. In the same maimer sulphuric acid, 
H2SO4, and other acids made up of two atoms of hydrogen 
combined with a bivalent radical are known as dibasic acidSy 
because they can yield two hydrogen ions to combine with two 
hydroxyl radicals, Tribasic acids can yield three hydrogen ions, 
while tetrabasic acids yield four. 

169. Replaceable or lonizable Hydrogen, The ions of hydro- 
gen set free in solutions of the various acids are also known as 
replaceable or ionizable hydrogen^ because certain metals can 
replace the hydrogen in dilute acids, setting the hydrogen free 
in the ionic condition. Certain salts will also act upon acids and 
the result is very similar to the action of acids. In all these 
cases, however, we find that when we use a monobasic acid we 
are able to produce only one series of salts, and we have only 
sodium nitrate, or sodium acetate; but when we use a dibasic 
acid we may replace either one or two atoms of hydrogen, and the 
resulting salts will diff er . Thus we may have the action of sodium 
chloride and sulphuric acid : 

sodium bisulphate 
NaCl+H 2 S 04 -> NaHS 04 +HCl 
58.5 98 120 36 5 

Or we may double the amount of salt used and increase the tem- 
perature and obtain the following: 

sodium sulphate 
2NaCl+H2S04 ^ Na2S04-f 2HC1 
117 98 142 73 

The Na2S04 is known as normal sodium sulphate, and the 
NaHS04 is called acid sodium sulphate, or sodium bisulphate, 
the latter name being given because the proportion of the SO4 
to the metal is twice as great in the bisulphate as in the normal 
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sulphate. In the same manner we have the salts sodium carbon- 
ate and sodium bicarbonate, etc. 

160. Classification of Bases. Bases are classified in a man- 
ner similar to the classification of acids, except that it is based 
upon the hydroxyl ions instead of the hydrogen iofis. Bases like 
sodium hydroxide, NaOH, potassium hydroxide, KOH, etc., 
containing one hydroxyl ion are known as monacid bases; those 
containing two hydroxyl ions, as calcium hydroxide, Ca(OH)2, 
barium hydroxide, Ba(OH)2, etc., are known as diacid bases; 
while those containing three hydroxyl ions such as ferric 
hydroxide, re(OH)3, aluminum hydroxide, Al(OH)3, etc., are 
called triacid bases. 

161. Classification of Salts. Since a salt may be regarded 
as the combination of an acid with a base we may classify the 
salts in the same manner. Thus if there are neither hydrogen 
nor hydroxyl ions in combination with the remainder of the salt 
it will be known as a normal salt, and these are usually neutral. 
On the other hand if only part of the hydrogen of the acid has 
combined with the hydroxyl of the base there will be a part of 
the hydrogen left in combination with the salt, making what is 
called an acid salt; or if there is not enough hydrogen to combine 
with all of the hydroxyl so that part of it enters into the salt 
it will then be called a basic salt It naturally follows that with a 
tribasic acid, such as phosphoric, H»P04, we may have three 
series of phosphates, such as mono-potassium phosphate, 
KH2PO4; di-potassium phosphate, K2HPO4; and normal or 
tertiary potassium phosphate, K3PO4. With a triacid base, 
such as bismuth hydroxide, Bi(OH)3 we may obtain normal 
bismuth nitrate, Bi(N03)3? or the basic nitrates, Bi0H(N03)2, 
Bi( 0 H) 2 N 03 , or BiONOa. Theoretically we may obtain as 
many kinds of salt as the mzmber of ionizable hydrogen atoms in 
the acid or hydroxyl radicals in the base, but practically many 
of them are still unknown. 

162. Conditions Under Which a Normal Salt May Be Acid or 
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Alkaline. There are certain conditions under which a salt 
known as a normal salt may be either acid or alkaline. Strong 
acids are those that ionize readily, such as sulphuric or nitric, 
and weak acids are those that ionize only to a limited degree, 
such as carbonic and hydrocyanic. In the same way we have 
the strong and the weak bases. It follows that when a strong 
add reacts with a weak base the resulting salt is add in its reaction 
with litmus, though normal in its constitution, such as copper 
sulphate; while a weak acid reacting with a strong base will give 
a salt that is alkaline, such as sodium carbonate, NaaCOs, or 
potassium cyanide, KCN. 

163. Formation of Acids. Three common methods of 
making acids are — (1) the direct combination of the elements 
forming the acid; (2) the action of water upon the oxide of a 
non-metal; (3) the interaction of sulphuric acid with a suitable 
salt that contains the radical desired in the acid. 

(1) Direct Combination of Elements, This method is not 
commonly used, but may be seen in the formation of such acids 
as hydrochloric, hydrofluoric or hydrobromic, thus — 

hydrogen chlorine hydrochloric acid 
2H + 2C1 2HC1 

(2) Action of Water Upon the Oxides of Non-metals, Oxides 
of non-metals will combine with water to yield acids, as may be 
seen when we add a little water to a jar of sulphur dioxide — 

water sulphur dioxide sulphurous acid 

HsO + SOs HsSOs (solution) 

With sulphur trioxide we get the equation 

sulphur trioxide sulphuric acid 
H2O " 4 " SO3 — > H2SO4 (liQuid) 

With carbon dioxide the equation is 

carbonic acid 

H2O + COs H 2 CO 3 (solution) 
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This process is becoming more important with the growth of 
the use of the contact process for making sulphuric acid, 
(§298); and the electrol 3 rtic process for making nitric acid, 
(see §725). 

(3) Action of Sulphuric Ac^d with a Salt, This is the com- 
mon method and is the one mostly used in the laboratory. If 
we take such a salt as sodium nitrate and heat it with sulphuric 
acid we find that the nitrate acts easily upon the acid, which 
parts readily with its hydrogen, yielding nitric acid and sodium 
acid sulphate if the temperature is moderate, or sodium normal 
sulphate if the temperature is higher and double the amount of 
the nitrate is used. The same general method applies to the 
making of hydrochloric acid from the action of sulphuric acid 
and salt. The equation for the former is 

sodium nitrate sodium bisulphate 

NaN 08 +H 2 S 04 ~>HN 03 +NaHS 04 (solid) or; 

sodium sulphate 

2NaN03-f H2S04~>2HN03-{-Nac SO4 (solid) 

The sulphuric acid is used in a somewhat diluted form and the 
reaction is in accordance with the ionic theory, where the sodium 
chloride ionizes and the more active sodium displaces the 
hydrogen from the acid. The equations for sodium chloride 
are found in §159. 

164. Formation of Bases. (1) Soluble bases are usually 
made by the action of potassium hydroxide, sodium hydroxide or 
calcium hydroxide upon certain salts of tiie metal that is to 
form the base, by umting with the radical OH. Sodium hy- 
droxide is formed by the action of sodium carbonate and calcium 
hydroxide. Sodium chloride is not used because the calcium 
hydroxide will not break it up. Soluble bases may be formed 
by the reaction* of an active metal with water, as 

2K4-2H20-.2K0H-f-H2 

Soluble bases such as NaOH and KOH are now made on a 
large scale by electrolysis, see Chapter 17. 
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(2) Insoluble Bases. Insoluble bases are made by mixing 
two solutions, one containing a soluble base, and the other a 
soluble salt of the metal wanted in the insoluble base. Thus we 
may make ferric hydroxide, Fe(OH) 3 , by mixing a solution of 
ferric chloride or any other soluble ferric salt, with sodium 
hydroxide, or any other soluble hydroxide. The term “soluble^' 
is used here as elsewhere m a relative sense, depending upon the 
degree of solubility. 

(3) Bases From Metallic Oxides. Many of the metallic 
oxides form bases when water is added, as may be seen when 
water is added to magnesium oxide, sodium oxide, potassium 
oxide or calcium oxide. However, not all of the metallic oxides 
are basic, and we notice that manganese heptoxide, Mn 207 , 
chromium trioxide, CrOs, and some others are in reality acid 
anhydrides, but as a general rule we may say that the metallic 
oxides form bases just as the non-metallic oxides form acids 
when water is added, the exceptions usually coming in the 
higher oxides of the elements that are both base forming and 
acid forming. 

166. Formation of Soluble Salts. There are several methods 
of forming soluble salts. The first to be considered is the neu- 
tralization of a base by an acid. This has already been described 
in §153- As stated before, we may, for convenience, regard all 
salts as being formed by this process, although in practice many 
other methods are followed. 

(2) The Interaction of a Metal and an A ad. When an acid 
is added to a metal the two interact about as follows : the metal, 
if it is more active than hydrogen (see list, §36), displaces the 
hydrogen from the acid, setting hydrogen free and combining 
with the acid radical to form a salt. With certain acids such as 
hydrochloric or sulphuric the hydrogen will be given off without 
any further reaction, but with others, such as nitric, the hydro- 
gen reacts as a reducing agent with a part of the acid, and is not 
given off as free hydrogen. Water is formed by the oxidation of 
the hydrogen, and the nitric radical, which furnishes the oxygen 
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for the oxidation, is reduced to one or more of the oxides of 
nitrogen (§135) or to other substances depending upon the 
strength of the acid, the metal used, the temperature, etc. The 
salt that is formed dissolves in the liquid — chiefly water — from 
which it may be crystallized by slow evaporation. Some soluble 
salts can not be made in this way, since the metal will not react 
with the given acid. Thus, silver and acetic acid or gold and 
hydrochloric acid will not react, although both silver acetate 
and gold chloride are soluble. The acids may act upon the 
oxide of the metal instead of the metal. The hydrogen is 
oxidized to water under such circumstances. 

(3) By the Action of an Acid Upon Another Salt, An acid 
may react with another salt, or with oxides, sulphides, etc., to 
form salts. Sodium acid sulphate is formed by the action of 
sulphuric acid upon sodium chloride, thus 

sodium chloride sulphuric acid sodium acid sulphate hydrochloric acid 
NaCl + H2SO4 — NaHS04 (solid) + HCl T 

A similar reaction occurs when the sulphuric acid reacts with 
sodium nitrate (§163). 

(4) A Salt May React With Another Salt, Certain salts 
may react with other salts to form a third kind of salt. Thus if 
the sodium acid sulphate formed as above is heated to a higher 
temperature with more of the sodium chloride, the normal 
sodium sulphate will be formed together with more of the 
hydrochloric acid, thus 

sodium chloride sodium acid sulphate sodium sulphate 
NaCl + NaHS04 Na2S04 (solid) + HCl T 

while if it is added to more of the sodium nitrate the same normal 
sulphate is formed with nitric acid, thus 

NaNOsd-NaHSO^-^NaaSO^ (solid) +HNO3 (liquid) 
or if we heat sodium bicarbonate the normal carbonate is formed 
2KaHC08-^Na2C08+COn T + HiO 
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We may notice in connection with this the formation of the 
so-called double salts, such as potassium aluminum sulphate, or 
common alum, K2AI2 (S 04 ) 4 . 24 H 20 and other double sulphates; 
double chlorides as K2PtCl6; double cyanides as KCN.AgCN, 
etc. It will be noticed that the acid radical in the case of double 
salts is the same for both metals. Otherwise the more positive 
metal will unite with the more negative radical, while the less 
positive mefcal will unite with the less negative radical, in accord- 
ance with the theory of metathesis. (See § 27 .) 

( 5 ) The Action of a Base on a Metal. When a metal reacts 
with an acid it acts as a base forming element, but there are 
certain metals that will, under the proper conditions, react with a 
base, thus acting as an acid forming element. If a concentrated 
solution of sodium hydroxide is added to some zinc and the 
mixture is boiled, a reaction occurs between the metal and the 
base, evolving hydrogen and forming the soluble salt known as 
sodium zincatc 

2n4-2NaOH“>Ha T d-NafiZnOs (solution) 


If aluminum is used in place of the zinc the reaction gives sodium 
aluminate, thus, 

2 Al+ONaOH-^SHa T + 2 Na 3 A 103 (solution) 

Iron powder might be used in place of the zinc or aluminum and 
either potassium hydroxide or calcium hydroxide might be used 
in place of the sodium hydroxide. 

( 6 ) The Actton of a Base on a Salt Salts are occasionally 
formed by the action of a base on a salt, as when sodium hy- 
droxide solution is added to a solution of zinc sulphate. The 
first reaction gives, by metathesis, a white gelatinous precipitate 
of zinc hydroxide with sodium sulphate: 

zinc sodium sodium zinc 

sulphate hydroxide sulphate hydroxide 
ZnS 04 4" 2NaOH Na2S04 4* Zn(OH )2 

If more of the sodium hydroxide is added to the zinc hydroxide 
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a further reaction occurs and we obtain soluble sodium zineate 
and water — 

zinc hydroxide sodium hydroxide sodium zmcate water 

Zn(OH )2 + 2NaOH (solution) — > NaoZnOa (solution) -f 21120 

166. The Formation of Insoluble Salts. Insoluble salts may 
be made by mixing two solutions, one containing the required 
metallic part united to a non-metallic element or radical, while 
the other contains the required non-metallic part united to a 
metal. If solutions of silver nitrate and sodium chloride are 
mixed we obtain an insoluble precipitate of silver chloride in a, 
solution of sodium nitrate — 

silver nitrate sodium chloride .-ilver ohloiidc sodium nitrate 

AgNO, + NaCl AgCl I + NaNO» 

biiice the formation of the AgCl depends upon the ionization of 
the AgNO, and NaCl forming Ag and Cl ions, hydrochloric acid 
or any other soluble chlortde producing Chonstvill give the % 7 isoluhU 
silver chloride, but the second substance will vary with the nature 
of the soluble chloride. In the same manner we may obtain a 
precipitate of insoluble barium sulphate when we add a solution 
of any soluble sulphate to a solution of barium chloride — 

barium chloride copper sulphate barium sulphate copper chloride 

BaCb 4- CuS 04 BaSO^ J, + CuCL (solution) 

A study of the table of solubilities, given in Table 6, will 
readily show the student that practically all of the salts of 
ammonium, lithium, sodium and potassium are soluble in 
water; and that nearly all acetates, bromides, chlorates, 
chlorides, iodides, nitrates and sulphates are soluble in water 
The most common exceptions are silver chloride and the sul- 
phates of lead, strontium and barium. With a little practice the 
student can readily ipick out the insoluble salts very accurately 
by noting the* metal and the radical. The salt may contain no 
indication of solubility as Ag2Cr04; it may contain one indica- 
tion of solubility as Na^COa orPb(C2H302)2 ; or it may contain two 
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indications of solubility as KCl, NH4NO3, Na^S 04 , etc. Natu- 
rally, when two salts are formed in a reaction and one forms a 
precipitate, the precipitate will be the salt showing the fewer 
indications of solubility. Thus when solutions of lead acetate 
and potassium iodide are mixed a precipitate of lead iodide is 
formed 


Pb(C2H30a)2-f 2KI -> Pblo+2KC2H302 

167. Na min g of Chemical Compounds. Although there are 
at this time only 83 recognized elements, the number of com- 
pounds is unlimited, since the elements may combine among 
themselves in many ways. Most of the names of elements were 
chosen at will and were intended to suggest some prominent 
characteristic of the substance, and the same was true of 
the chemical compounds until the enormous number made a 
more logical naming absolutely necessary, whereby the com- 
position of the compound is told by the name. As stated in 
§21 every clement has a definite symbol which is taken to 
stand for one or more of three things (1) one atom of the 
element (2) any indefinite amount; and (3) one gram-molecule. 
In our study of valence and equations, the gram molecule or 
moUf i.c., a number of grams equal to the molecular weight, 
must be taken as the basis for practical work; but in the naming 
of chemical compounds we have to consider the symbol rather as 
standing for an atom and when the symbol is followed by a 
small figure it means that many atoms of the element. A figure 
after a radical in parentheses indicates that the radical is taken 
as many times as the value of the figure. A figure preceding the 
formula of a compound means that the entire compound is 
taken that number of times. Thus 5 Fe 2 (S 04)3 would mean that 
five molecules of ferric sulphate are taken. In each molecule 
are two atoms of iron, combined with three radicals of SO4. 
In each SO4 radical are four atoms of oxygen. 

168, Metals and Non-metals. It is customary to divide 
elements into metals and non-metals according to their char- 
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acteristics. Metals may be described briefly as opaque^ con- 
ductors of heat and electricity, with a luster that does not 
disappear under the burnisher, and are often able to displace 
hydrogen from dilute sulphuric or hydrochloric acid. They are 
the base-forming elements. The non-metals have, for the most 
part, opposite characteristics and are known as the acid- 
forming elements. The distinction is not a sharp one since some 
elements act as both acid-formtng and base-forming. Most com- 
pounds are composed of a metallic or electro-positive element or 
radical combined with a non-metallic or electro-negative element 
or radical. It is customary to place the more electro-positive 
part of the compound first, as NaCI, but there are a few excep- 
tions, such as NH3, etc. 

169. Binary Oxygen Compounds. Binary oxygen com- 
pounds contain one other element with oxygen. They are known 
as oxides and are divided into two classes (1) metallic oxides, 
which usually unite with water to form a base, or hydroxide; 
and (2) non-metallic oxides, which usually unite with water 
to form acids. (See §164 part 3.) 

170, Degree of Oxidation. Since many of the elements 
have more than one valence or combining power, there may be 
two or more oxides of the same element. When this is true the 
degree of oxidation is indicated by the ending, the one having the 
larger proportion of the other substance, and therefore, the smaller 
proportion of oxygen, ending in ous, as sulphurous oxide, SO 2 ; 
while the one having the smaller proportion of the other substance, 
and, therefore, the larger proportion of oxygen, ends in ic as 
sulphuric oxide, SO3. In the same way we have mercurous 
oxide, Hg 20 , and mercurfc oxide, HgO. It should be observed 
by the student that the exact number of atoms of oxygen is not 
indicated by the endings, ouS and ic, but depends upon the valence 
of the element combined with the oxygen, so that there is no 
way for him to tell whether a certain oxide ending in ic has one, 
two or three oxygen atoms, until he has learned more about the 
valence of the electro-positive portion of the compound. Where 
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there are several degrees of oxidation as in the case of the nitro- 
gen oxides it is always better to state the degree of oxidation by 
calling the compounds nitrogen monoxide, nitrogen dioxide, 
nitrogen ifnoxide, etc. 

171. Naming of Acids. Since acids are often formed by the 
combination of a non-metallic oxide with water we may note a 
great similarity in the naming of oxygen compounds and acids. 
As in the naming of oxides it is customary to call the most highly 
oxidized acid the ic acid, as sulphuric acid, H2SO4, while the less 
highly oxidized acid is called the ous acid, as sulphurous acid, 
H2SO3. This naturally follows from the naming of the oxides of 
sulphur, SO3, and SO2, which give these acids respectively when 
united with water. However, it sometimes happens that after 
the acids are thus named other acids having a higher or lower 
degree of oxidation are discovered, so that the names no longer 
represent what they are supposed to and another adjustment is 
necessary. Thus if we start with hydrochloric acid we find that 
there are four possible degrees of oxidation and the acids are 
known as follows: 

Hydrochloric acid . . . . , . HCl 

HypoiMoxom acid .... . HCIO 

Chlorous acid. . HCIO2 

Chlorzc acid . ... . . . HCIO3 

Perdhloric acid HCIO4 

Here the prefix hjpo, in the sense of beneath, or with a lower 
degree of oxidation, and per, in the sense of beyond, or with a 
higher degree of oxidation, are used in addition to the regular 
endings. 

172. Naming of Bases. The same general rules apply to 
the naming of bases where there is double valence, and we have 
ferrous hydroxide, Fe(OH)2, and ferrze hydroxide, re( 0 H) 3 . 
Many of the theoretical bases are still unknown. 

173. Naming of Salts. Since a salt may be regarded as the 
combination of an acid with a base the name of the salt is taken 



130 


CHEMISTRY IN EVERYDAY LIFE 


to show both the acid and the base from which it is derived. The 
name of the salt will be the metallic part of the base followed by 
the modified name of the acid radical. . Thus when ammonium 
hydroxide reacts with acetic acid the name of the salt formed 
will be ammonium acetate. An acid ending in ic will give a salt 
ending in ate] an acid ending in om will give a salt ending in He, 
If the acid has a prefix like per, hypo, tetra, pyro,Gtc., the same 
prefix will be applied to the salt. The following illustrations will 
show this: 


Name of acid 
Sulpharw; 
Sulphurow5 
Hypochlovom 
Perchloric 
PyrogoMic 


Name of bait derived from the acid 
Sodium sulphate 
Sodium sulphtte 
Sodium hypochloviie 
Potassium perchlorate 
Potassium pprogallate 


The salts of nitric acid are always known as nitrates, those of 
sulphuric acid are sulphates, those of phosphoric acid are phos- 
phates, those of acetic acid are acetates, etc. From this it may 
be seen that the only difference between an acid and a salt is that 
we have hydrogen in the acid where we have a metal in the salt. 
The radical is always the same in the acid and the corresponding 
salt, so that the acids are often called the salts of hydrogen and the 
difference between an acid and its corresponding salts must 
depend upon the difference between the electro-positive ions 
with which the radical is combined rather than upon the radical 
itself. 

174. Other Bmary Compounds. Other non-metallic ele- 
ments instead of oxygen may combine with the metallic elements 
or the non-metallic elements may combine to a certain extent 
among themselves, provided we always bear in mind that 
electro-positive and electro-negative differ also in degree, making 
the distinction among the non-metals relative. The names given 
the binary (two-element) compounds will be the name of the 
metal followed by the name of the non-metal, modified so as to 
end in ide. This ending is an indication of only two elements. 
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The older ending was urety and what we now call hydrogen 
mlphide was formerly called hydrogen sulphwrei or sulphuretted 
hydrogen. Where there are two or more valences the same ous 
and ic endings are used as with the oxides and the acids, mer- 
curic chloride, HgCl 2 , having a smaller proportion of the metal 
and a larger proportion of the non-metal than mercurous 
chloride, HgCl. Combinations with fluorine give fluorides, as 
calcium fluoride, CaF 2 ; while bromine gives bromides, as potas- 
sium bromide, KBr; iodine gives iodides, as potassium iodide, 
KI; sulphur gives sulphides, as ferrous sulphide, FeS, and 
carbon gives carbides, such as calcium carbide, CaC 2 , or silicon 
carbide, SiC. 

176. Indicators. Whenever an acid reacts with a base in 
the proper proportions we form water and a salt. This salt may 
be soluble or insoluble, and if soluble it is hard to tell just 
when we have added enough of the acid to the base for com- 
plete neutralization. If the salt is insoluble it will be thrown 
down as a precipitate. According to conditions, when the exact 
point of neutralization is reached, one of three things may 
happen — (1) there may be a cessation of precipitation; (2) the 
precipitate may first begin to appear; (3) there may be a chapge 
of color. 

In many cases none of these things will happen and in order 
to tell the exact moment of neutralization we have to resort to 
different methods to indicate that the acid and base are present 
in just the right amounts. This is usually told by an indicator, 
which is a substance that changes color when the solution 
changes from acid to basic or vice versa. The indicator is 
either a weak base or a weak acid which dissociates yielding an 
ion having a different color than the molecule of the indicator 
itself. Colorless molecules may yield colored ions, or colored 
molecules may yield ions of a different color. For example 
phenolphthalein, a weak acid, undergoes practically no ioniza- 
tion in water or in alcohol, but in contact with alkalies it forms 
salts that ionize in water and the ion apparently is deep red in 
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color since the solution assumes a deep magenta color in the 
presence of a base. 

Indicators are generally added to one of the substances, but 
sometimes it is necessary to add a drop or two of the liquid to a 
drop of the indicator. The common indica fcors and their uses arc : 

(1) Phenolphthalein solution is colorless with acids and 
magenta red with alkalies. It may be used for most mineral 
acids, for many organic acids and for most alkalies, but is not so 
satisfactory with ammonium salts, ammonia, bicarbonates, phos- 
phates or borax. It may be used in alcohol, ether or in mixtures 
of the two which dissolve many organic acids. The results are 
rapid, and it is satisfactory with weak bases and weak acids. 

(2) Litmus solution is more satisfactory if the purified 
azolitmin is used. This is the active principle of the litmus, and 
unless the insoluble material is removed the results are not so 
satisfactory. Litmus solution is weakly alkaline and yields an 
anion that is blue. In the presence of an acid it assimies a red 
color, the depth of color depending upon the strength of the 
acid. It may be used with most mineral acids, some organic 
acids, with ammonia, and with alkaline hydroxides when free 
from carbonates. It is not good for phosphoric and arsenic acids 
and their salts because the change of color is too gradual, and it 
is unsatisfactory with weak bases, and with many organic acids. 

There are a number of other indicators used for special pur- 
poses but they will not be described in detail here. The following 
brief table will give the general characteristics of the ones 
commonly used in the laboratory, in the presence of either acids 
or alkalies: 

Table of Indicators 

Name of Indicator Color with Acids Color with Alkalies 


Phenolphthalein 

colorless 

magenta red 

Litmus 

red 

blue 

Methyl orange 

red 

yellow 

Rosolic acid 

yellow 

violet red 

Turmeric 

yellow 

brown 

Cochineal 

yellowish 

violet 

Purple cabbage 

red 

green 
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Sometimes the use of two indicators gives a more accurate 
end-point than when one is used alone. For example, if 1 drop 
of a 0.5% phenolphthalein solution and 3 drops of a 0.04% of a 
thymolphthalein solution are added to the acid solution which 
is to be titrated, the end-point is shown by the red color of the 
phenolphthalein but if too much alkali is added a violet color is 
obtained due to a combination color of the two indicators, or if 

1 drop of a 0.02% of a methyl red solution and 3 drops of a 
0.04% thymol blue solution are mixed as an indicator, the 

N 

end-point is shown by an orange color. One drop of — alkali in 

10 

excess causes the solution to become yellow, and another drop 
produces a green color thus making it easy to tell when exact 
neutralization has been accomplished. 

176. Problems. 

1. If air is 21% oxygen, how many grams of air are required to change 
18 grams of carbon to carbon dioxide when the carbon is burned? 

C-j-Oj — >-C02. 

2. If one liter of oxygen weighs 1.43 grams, how many grams of 
potassium chlorate are required to produce 8 liters of oxygen? How 
many grams of potassium chloride are formed by the reaction? (§35). 

3. How much potassium chlorate must be decomposed in order to 
obtain enough oxygen to fill a 36-liter gasometer? 

4. How much jsinc and how much sulphuric acid must be used to fill a 
364iter gasometer with hydrogen? (§59), 

6. What would be the cost of filling with hydrogen a spherical balloon 

2 meters in diameter if the zinc costs 8 cents per pound and the sulphuric 
acid costs 2 cents per poimd? 
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VALENCE AND EQUATIONS 

177* Valence. As stated in §21, valence means the comhnmg 
or replacing power of the element or radical. Hydrogen is taken 
as the standard and its valence is taken as 1. Elements that 
have the same valence as hydrogen are said to have a valence 
equal to that of hydrogen, or 1; those that have double the 
combining power are given a valence of 2, and so on. Substances 
having the same valence are called equivalent. 

178. Valence and the Ionic Theory. The ion of hydrogen 
is considered as having one positive charge and may accjordmgly 
be written In the same way all positive elcMuenis may be 

written with the number of charges corresponding to their 

4 - + ++ 4 - 44 44 444 

combining power, and we have Na, K, Ca, Cu, Cu, 

4 44 444 44 4444 ~ 

Hg, Hg, Al, Sn, Sn, etc., among the metals; and C'l, Bi, 

N, N, 0, S, S, S, etc., among the non-metallic elements, 
with NO3, C2H3O2, OH, SO4, CO3, PO4, etc., among the non- 
metallic or acid radicals. When electrolytic compounds are 
made into dilute solution they ionize and the electrical charges 
on each ion correspond in number and kind to the theory that 
certain elements have the same combining power as hydrogen 
while others have two, three, four or more thpes the combining 
power. (See Fig. 51.) 

179. Valence Must be Satisfied in a Compound. In a 

saturated compound the valence of each element must he fully 
satisfied or the compound is unstable and there is a tendency for 
the compound to decompose into simple compounds, often with 
explosive violence, with or without the addition of oxygen from 
the air. Even when the valence is apparently satisfied the com- 
pound is sometimes held togethe%only very loosely and decom- 
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poses easily if the temperature is raised, e.g., hydrogen peroxide. 
The logical formation of compounds is the combination of a 
given number of positive charges with an equal number of 
negative charges for stable 
compounds. While the divi- 
sion into positive and nega- 
tive is to a certam extent 
arbitrary, we must recog- 
nize the fact that just as in 
the electric current any 
point may be taken as posi- 
tive with reference to the 
points toward which the 
current flows, and nega- 
tive with reference to the 
points from which it flows, so in the list of positive and negative 
elements we must recognize the fact that certain elements are 
more electro-positive than others, and that while it is not the 
logical formation we may have a combination of two elements 
ordinarily classed as negative, since one will be more electro- 
positive than the other. Thus we may have such unstable com- 
binations as chlorine dioxide, nitrogen triiodide, etc., although 
the elements composing them are all classed as negative, when 
compared with those that are strongly electro-positive. 

180, Regular Fonnation of Compounds. Since the number 
of positive charges must be equal to the number of negative 
charges in a regular stable compound, we find that a positive 
element with one charge, or combining power, will unite regu- 
larly with a certain amount of a negative element having the 
same amount of charge. Thus we write HCl, AgBr, KCl, 
NaCl, etc., or if a radical replaces the non-metallic element we 
may write HNOa, KNO3, NaC 2 H 302 , etc. If either of the sub- 
stances used is bivalent we must use double the amount of the 
other element, and we would write H2SO4, CuCh, H2O, etc., or 
if the positive and negati^ have the same charge we would 



Fig. 51. Carbon and Oxygen Atoms 
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write CUSO 4 , CaCOa, etc. If one has a valence of two and the 
other of three we would naturally fcake enough of each kind to 
make the electrical charges equal. Thus in ferrous sulphate 
we have the formula FeS 04 , where the iron has a valence of 2^ 
but in ferric sulphate^ Fe2(S04)3, the iron has a valence of 3. 
Since in both cases the radical, SO 4 , has a valence of 2 we find 
that it is easy to tell the number of times each part should be 
taken by taking each until the total positive charges equal the 

4-4'4' 4-++ :r :r = 

total negative charges. This gives Fe Fe SO4 SO4 SO4 or 
a total of 6 for either positive or negative and wc write the 
formula Fe 2 (S 04 ) 3 . 


2 016 g of hydrogen 
55 84 g. of iron 
40 07 g of calcmm 
46 g. of sodium i 
78 2 g. of potassium 
or 

65 37 g of zinc 

1 , 008 g. of hydrogen 
23 • g. of sodium 
30 1 g. of potassium 
or 

107.88 g, of. silver 

12.005 g. of carbon 

or r 

28 1 g, of silicon 


can 

combine 

with 


16 , g. of oxygen 
or 

32.06 g, of sulphur 


can 

combine 

with 


35 46 g. of chlorine 
79 92 g. of bromine 
or 

126 92 g of iodine 


can 

combme 

with 


4.032 g. of hydrogen 
32 g. of oxygen 
141 . 84 g. of chlorine 
or 

319 . 68 g. of bromine 


74,96 g. of arsenic 

can 

120.2 g. of antimony 

combine 

or 

with 

31.4 g. of phosphorus J 


149 92 g, of arsenic "1 

can 

or 1 

combine 

240.4 g. of antimony j 



3 024 g. of hydrogen 
106 38 g. of chlorine 
239 . 76 g. of bromine 
or 

380 76 g of iodine 

48- g of oxygen 
or 

96. 18 g. of sulphur 
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The preceding table shows some of the common combinations 
of elements. The figures show the proportions of each element 
to be taken. 

Of course many other combinations maj^ occur, but these few 
will show the student some of the proportions existing between 
the elements of a compound. In the first group, if 2.016 g. 
of hydrogen can combine with 16 g. of oxygen the formula is 
H2O; in the last group if 149.92 g. of arsenic can combine with 
48 g. of oxygen the formula is AS2O3. The student should write 
out all these combinations and any others suggested by the 
instructor. 

The use of valence blocks greatly facilitates the study of 
valence. These blocks represent the valence of the elements 
and radicals graphically by the use of different sizes of card- 
board upon which the s3nnbols of the elements and formulas of 
the common radicals are printed. These cards are all the same 
width, those having a valence of 2 being square, while univalent 
groups are only half as high, and trivalent groups are three 
times as high as the univalent. Figure 52 shows some of the 
uses of the blocks. 

181. Valence of Elements. The valence of elements varies 
from 0 to 8, but the majority of elements have a relatively low 
valence, and the occurrence of the higher valences is uncommon. 
It is convenient to divide the elements into those that have a 
valence of 1, or univalents; those having a valence of 2, or 
bivalents; those having a valence of 3, or trivalents ; those having 
a valence of 4, or quadrivalents; those having a valence of 5, 
or pentavalents orquinquivalents; while those having a valence 
of 6, 7 or 8 are known as sexivalentsor hexavalents, septivalents 
and octavalents respectively. 

In writing the formulas of compounds the rules of valence do 
not always teU us what is the correct formula although they 
help. When sodium is exposed to the air the combination with 
oxygen forms sodium oxide, NazO, but when sodium is burned the 
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formula is NaiOa which can be determined only by an accurate 
analysis. The formula for water is H 2 O, and by ordinary 
valence we would not expect to find H 2 O 2 which is the formula 



Fig, 52. Valence Blockn, 


for hydrogen peroxide. The formula for methane is CH 4 which 
agrees with the valence of carbon and hydrogen. Later we s hall 
see that carbon and hydrogen may combine in many other 
ways. (See §271.) 
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182. General Rules for Valence of Elements. The common 
elements have a valence of two more often than any other value^ 
and this is especially true of the metals where the common 
exceptions are sodium, potassium, silver and lithium which 
have a valence of 1; platinum, 4; aluminum, 3; bismuth, 3; 
chromium, 3 or 4; ferric iron, 3; while mercury, copper and tin, 
and a few others have double valence one of which is 2. Among 
the non-metallic elements the common gases have a valence of 1 
except oxygen, having a valence of 2; and nitrogen, having a 
valence of 3 or 5, Silicon has a valence of 4 /phosphorus, 3 or 5 ; 
and sulphur, 2, 4 or 6. There are numerous exceptions to the 
above valences, since many of the elements have more than 
one valence, but the ones given are the common valences more 
often found in the compounds. The valences of the elements 
other than those that are common are to be found in the table 
given on the back cover page. 

183, Valence of Radicals. In addition to the valence of the 
elements the student should become famihar with the valence of 
radicals. This may be divided into two parts — fii’st, the free 
valence of the radical as a whole y and second, the valence of the 
distinguishing non-metallic element of the radical, as sulphur in 
SO4, nitrogen in NO3, etc. The first may be determined by the 
student if he knows the valence of the total metallic part of the 
compound, thus in H2SO4, the valence of the radical is taken as 
2, because it is combined with 2 atoms of hydrogen, each of 
which has a valence of 1. NO3 has a valence of 1 because it 
combines with 1 atom of hydrogen to form nitric acid, HNO3, 
or with 1 atom of any univalent metal to form a metalhc salt. 
The valence of radicals is much more regular than the valence 
of elements and there are very few exceptions to the valences 
as given m §155, the only common one being Mn04, which has a 
valence of 1 in the permanganates, and 2 in the manganates. 
For practice the student should consult the list of chemicals as 
given in the back of the Manual, where he can pick out the 
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different compounds and determine the valence from the part 
he knows. 

184. Valence of the Distinguishing Non-metal of the 
Radical. Every radical acting as a non-metal, that is, a radical 
that will combine with hydrogen to form an acid, has in it some 
element besides the oxygen which distinguishes it from other 
radicals. The valence of this element may be easily determined 
in this combination by first deriving the formula for the anhydride 
of the acid, which will give us a non-metallic oxide, and from which 
the valence of the element may be determined by multiplying 
the number of oxygen atoms by two and dividing that product 
by the number of the non-metallic atoms. The quotient will 
give the valence of the element. Thus with nitric acid 

2HN03~>H20H-N206 

The valence of oxygen is 2, making a total valence of 10 for the 
oxygen in N2O5. There are 2 nitrogen atoms. Ten divided by 
2 gives 5, the valence of the nitrogen under the conditions of the 
combination. In the same way sulphuric acid, H2SO4 gives 

H2S04-->H20+S0, 

and the valence of the sulphur is 6. For practice the student 
should determine the valence of the non-metal in other radicals, 
whether they occur in acids or salts, using the same method, and 
applying it to such compounds as HCIO, HCIO2, HCIO3, 
HCIO4, H3PO4, K2Cr04, K2Cr207^ MnOi, the last, both as 
univalent and bivalent, etc. 

186. Equation Writing. The writing of an equation is in 
many instances rather difficult, but the great majority of the 
reactions that occur in elementary chemistry may be expressed 
by simple equations. The student has observed that in the 
preceding chapters equations have been used freely, but that 
very little has been said about the methods of writing them. 
Certain things must be borne in mind to render the writing of 
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the simple equations clear and satisfactory. Some of these will 
be spoken of at this time. 

What Kinds of Reactions Occur? We found in §27 that there 
are four common kinds of reactions in elementary chemistry. 
These are: 

(1) Analysis, or the breaking up of a compound. 

(2) Synthesis, or the combining of simple elements into more 
complex substances. 

(3) Substitution, or the replacement of one element or 
radical by another. 

(4) Metathesis, or the double decomposition and recombina- 
tion of the parts of two compounds which may be regarded as the 
mutual substitution of the electro-positive elements. 

Of these, metathesis will occur more frequently in elementary 
work. While it is not always true, yet the student should 
look first for metathesis when two solutions are put together^ if 
no gas 'IS given ojf- There may or may not he a preapitate, 
depending upon whether the salt or other substance formed is 
soluble in the liquid remaining in the test tube. 

AgNOa-f-HCl~>AgCU -l-HNOs (solution) 

Here ihe silver chloride, AgCl, appears as a precipitate, but in 
Na0H-}-HCl-->H20+NaCl (solution) 

the salt, NaCl, does not appear as a precipitate, because it is 
soluble in water. Metathesis occurs in neutralizations, in the 
formation of insoluble salts by precipitation (§166) and some- 
times in the formation of soluble salts and soluble bases. 

If a metal has been placed in acid and a gas is given of, substi- 
tution has occurred. There may be further reaction after the 
first simple substitution has occurred and just what this is will 
depend upon the substances used, the temperature, etc. 

Zn4-Ii2B04-~^ZnSO<(feolution)+H2 T 

Here the hydrogen is evolved freely as a gas, but in 
3Cu 4-6HN03->30u(N03)2(polution) H-6H (gas) 
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the hydrogen set free in the nascent condition attacks the nitnc 
acid that is not acted upon by the copper, decomposing it, 

6H +2HN0,->4H20 

and the nitrogen dioxide at once reacts with the oxygen of the 
air to form, by synthesis, nitrogen tetroxide, N2O4, 

NoOa-f 02 '->No 04 T 

This makes the final equation read 

SCu+SHNOa-f- O2 3 Cu(N 03)2 (solution) 4-4H2O H-NsO^ 

SiTTiple elements heated together 'if solid, two gases through which 
a flame or spark is passed, and often solids and the halogens, 
combine by synthesis to form chemical compounds. 

Fe +S (heated) FeS (solid) 

2H24-O2 (spark) — > 2H2O (liquid) 

2 Sb+ 3 Cl 2 (contact) -^2SbCl3 (solid) 

Compounds, when heated either alone or with a reducing agent, 
frequently decompose into mare simple compounds or elements. 
We have studied potassium chlorate in the preparation of 
oxygen, and the simple equation is 

2KC10s->2KCl (solid) 4*302 T 

The ordinary products obtamed by heating compounds will 
be found in §187, part 8. 

186. General Suggestions to Aid in Writing Equations. 

(1) Study the compound or compounds used. These are 
known as the factors or doers because they react. From the 
table of activity, §36, see if you can find out any thing about 
any of them. See whether the conditions are best for metathesis, 
substitution, analysis, or synthesis. Then when the sub- 
stances are put together and agencies such as heat, flame, etc., 
are applied, watch carefully what occurs. Is there a precipi- 
tate? Is a gas given off? Does the mixture change color? 
Is heat evolved? Have we used hydrogen, carbon or carbon 
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monoxide as a reducing agent? What is left? Can we apply the 
ionic theory of solutions, neutralization or salt formation? 

(2) If the student has watched carefully all that has oc- 
curred, and has formed a general idea of what he has obtained he 
should then write down the substances used, and on the opposite 
side of the arrow place the substances as he thinks he has formed 
them. Suppose he has neutralized ammonium hydroxide with 
sulphuric acid. He will first write 

NH40H+H2S04~^H20+NH4S04 (solution) 

There is a simple method of ^'balancing” the equation — that is, 
to see if we have the right formulas throughout, and have 
satisfied the valence. If the student understands the ionic 
theory of neutrahzation he would say, even before attempting 
to write anything on the right of the arrow, have two hydro- 
gen ions; therefore I must have two hydroxyl ions to balance, 
and thus form two molecules of water.'^ He would at once 
start his equation again, and because he cannot take the 
hydroxyl without the ammonium he would take two molecules 
of the ammonium hydroxide, thus: 

2NH40H-f H2S04-^2 Ho 0+(NH4)2 SO4 (solution) 

It would be logical for him to write the water first because he 
should know that in all neutralizations water is the constant 
product, and if he can eliminate that part of the product the 
part that remains is. not complicated. He should then verify 
the formula (NH4)2 SO4. 

In a case of metathesis apply the elimination process. The 
student mixes some potassium chromate with some silver nitrate 
and obtains a dark red precipitate. He starts the equation 

AgN03“l-iSw2Cr04 — ">■ 

The silver and the potassium are both positive and both 
univalent. If there is a chemical change, which he can see from 
the dark red precipitate, he would say, “Since the silver was 
combined with the ISTOs before the precipitate was formed it 
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cannot he combined with it after the change occurs or there would 
be no chemical change. Since the silver and the potassium are 
both electro-positive they will not combine together. This 
eliminates all except the Cr 04 radical which is bivalent and 
which will, therefore, require two atoms of silver to combine 
with it/^ He will then write the equation again 

2AgN03 4-K2Cr04 AgaCrO^ + 2 KNO 3 

The next question is, “Which is the precipitate*? It is either 
silver chromate or potassium nitrate.’^ In order to determine 
which one it is he should consult the table of solubility. (See 
Manual.) He should learn to apply the data on insoluble and 
soluble salts given in §187 part 1. Since water was used to 
dissolve the silver nitrate and the potassium chromate originally, 
there can be no new liquid except what might be formed in the 
progress of the experiment. None is shown in the equation, and 
the student would naturally conclude that the liquid in the test 
tube is water. The table of solubility shows that potassium 
nitrate is soluble, but that silver chromate is insoluble in water, 
and he will, therefore, conclude that the precipitate is silver 
chromate, and not potassium nitrate, which remains dissolved in 
the water. Thus he obtains a precipitate of silver chromate in 
a solution of potassium nitrate, in which the chtomate is not 
soluble. The finished equation, therefore, will read 

2AgN03 4“K2Cr04->Ag2Cr04 i -f2KN03 (solution) 

(3) As far as possible the student should study the particular 
kind of compound used in his experiment, using the index 
freely, to see if he can find out anything about the way in which 
the reaction occurs. He can very often find something that will 
bear directly upon the work he is doing, that will save him much 
useless effort. 

(4) When a substance acts simply as a catalytic agent it 
should not be written in the equation; but if it is written as a 
factor it must also be written as a product. 
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(5) Water used in solution is not written as a factor unless it 
reacts with the other factors. If it is formed as one of the prod*^ 
nets it must appear with the products on the right. 

(6) Light, heat, electricity and other agencies are not written 
as factors of the equation although they are in many cases 
necessary for the reaction. 

(7) Very few equations express all that occurs in a reaction. 
They generally give the average of final results when conditions 
are approximately the same. Thus in the equation for the 
reduction of potassium chlorate by heat the student wiE 
generally write 

2KC103->2KCl-f30ot 

However, it is more correct to write it in two parts to show first 
the formation of the potassium perchlorate, and then the decom- 
position of the perchlorate into the chloride and oxygen : 

6KC103-^4K:C104-{-2KC1+0, t and 

4KC104~>4KC1 4-802 T 

By watching the reaction carefuUy the student will observe 
that the oxygen always comes off slowly at first, but much more 
rapidly when the heat is increased near the end of the reaction. 

187. The General Behavior of Compoimds. 

1. An insoluble precipitate is formed whenever two solutions 
are mixed, one of which contains the metallic part, and the 
other the non-metallic part of an insoluble compound. See 
the reaction of silver nitrate and potassium chromate, given in 
§186. The student should remember that practically all salts 
of potassium, sodium and ammonium are soluble and that of the 
various classes of salts the following are usually soluble: ace- 
tates, bromides, chlorates, chlorides, iodides, nitrates and sul- 
phates. Thus the student would expect to find potassium 
sulphocyanate soluble because it is a potassium salt. He would 
expect to find zinc chloride soluble, because it is a chloride. He 
would not expect to find copper carbonate soluble, because 
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neither copper nor carbonate is an indication of solubility. He 
would naturally expect potassium iodide to be more soluble 
than potassium ferrocyanide since the first compound shows 
two indications of solubility and the second shows only one. 
With a moderate amount of practice the student will experience 
little difficulty in determining solubility. However, some of 
the most insoluble salts used in elementary chemistry occur as 
sulphates, iodides, etc., and are exceptions to the regular 
solubility rules. 

2. If a gas can form it is always liberated. The gas may 
(1) escape into the air; (2) dissolve in water if any is present, 
and the gas is soluble ; (3) act upon one of factors bringing about 
secondary reactions as in the case of copper and nitric acid, 
§135. 

3. Aads neutralize bases giving a constant product, water 
(§153). They also react loith metals (§165) metallic oxides and 
carbonateSj if the salt thus formed is soluble, and sometimes act 
upon a salt, forming another acid and another salt (§165). 
A reaction of an acid with a metallic oxide is shown in the 
following equation: 

CaO +2HCi CaCb (solution) +HoO 
while a reaction with a metallic carbonate is 

CaC03-|-2HCl~^CaCL>+H20-|-C02 t 

4. Acid anhydrides act in about the same manner as acids. 

CaO + CO 2 CaCOs (solid) 

Ca( 0 H) 2 +C 02 ->CaC 03 (solid) +H 2 O 

5. Bases seldom act upon metals^ but strong bases like sodium 
hydroxide or potassium hydroxide will act upon such metals as 
zinc or aluminum, where the metal acts as an acid forming 
element. (See §165, 5.) Bases will sometimes act upon salts 
forming another base and another salt. 

NH 4 CI 4-NaOH NaCl H-NH40H (solutions) 
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6. Oxides of metals usually unite with water to form metallic 
hydroxides. (§164.) Oxides of non-metals unite with water 
to form acids (§163, 2.) Metallic oxides may be reduced to 
metals either by heating alone, where the metal is not very 
active chemically as with mercuric oxide, 

HgO 

or with a reducing agent, such as hydrogen, sodium, aluminum, 
carbon or carbon monoxide. Illustrations: 

Cu0+H2->Cu+H20 
MgCla +2Na 2NaC14-Mg 
SMnOi 4-4Al~> 2 AI 2 O 3 + 3 M 11 
2As203+3C-^As4+3C02 T 
Fe203+3C0”^2Fe-f3C0. T 

7. Solutions of acids j bases and salts j reacting with solutions 
of other acids, bases and salts, generally do not undergo a 
decomposition of the radical, but the metallic parts exchange 
places by metathesis. 

8. Metallic saltSj when heated, are often decomposed, the 
products differing according to the salt used, the temperature, 
etc. Some of the common decompositions are given: 

(1) Carbonates of the alkaline metals — sodium, potassium 
ammonium and lithium — cannot be decomposed by heat. 
Other carbonates can be decomposed either with or without the 
addition of a special reducing agent. The products are the 
metal or the metallic oxide, with carbon dioxide or carbon 
monoxide. Phosphorus and charcoal (carbon) are used as 
reducing agents. 

CaCOa-^CaO+COs T 

(2) Chlorates are not common, the one used most largely 
being potassium chlorate. The decomposition gives the 
chloride and oxygen. (§35.) 

(3) Nitrates generally give the oxide of the metal, oxygen 
and an oxide of nitrogen, as 

Pb(N03)2->Pb0+2N02 1 +0 1 
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or if the oxide of the metal is easily decomposed, as with mer- 
cury, the metal is formed. Sometimes the nitrite is formed with 
oxygen; or the oxide of the metal, oxygen and nitrogen. 

(4) Nztntes decompose into oxygen, nitrogen and the oxide 
of the metal except silver and both nitrites of mercury, which 
give the metal. 

(5) Oxalates usually give the oxide, carbon monoxide and 
carbon dioxide as with lead oxalate; but the oxalates of sodium, 
potassium, ammonium and lithium give the carbonate and 
carbon monoxide. 

Na2C204 — > Na2C03“{-C0 t 

(6) Sulphates of sodium, potassium, lithium, ammonium, 
calcium, barium, strontium, lead and magnesium are not 
decomposed by heat. However, the sulphates of potassium, 
calcium and barium may be reduced by heat if mixed with 
carbon, giving carbon monoxide and a metallic sulphide. Other 
sulphates require carbon for their reduction and give varying 
products, such as carbon monoxide, carbon dioxide, sulphur 
dioxide, a metal or its oxide. Some may be decomposed by 
heat alone to a metallic oxide, sulphur dioxide and oxygen, as: 

CuS 04 — > 8O2 1 “1“0 t H-CuO 

but if the metallic oxide is decomposable by heat the residue is 
the metal, as: 

HgS04 — > Hg-|-S02 1 "{"Oa I 

Sulphates of the trivalent metals may be easily reduced, as: 

Fe2(S04)3 — > Fe203~f'3S03 

(7) Sulphites are usually reduced to form oxides and sulphur 
dioxide or sulphates and sulphides. 

The student is not expected to memorize all of the above 
rules, but he should at least remember where they are to be 
found, so that he may refer to them in the writing of equations. 
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188. Reversible Reactions. When we examine certain 
reactions we notice that they may proceed in either direction Bud 
when these conditions are possible the reaction is called reveij- 
sible. Water may be decomposed into its elements, hydrogen 
and oxygen, and these two gases may be united again to form 
water. Water may be partially decomposed by heat, but 
unless the products are removed as fast as they are formed they 
will unite again to form water and the decomposition by heat 
alone caimot be accomplished otherwise. 

Mercuric oxide may be partially decomposed by heat, and if 
exposed to the air the oxygen of the air will umte again with the 
partially reduced dark red oxide and form the original bright 
red powder. Not only is this true in these cases but experience 
shows that under the right conditions, varying with the sub- 
stances used, practically all chemical changes can he reversed, 

189. Equilibrium. When a condition is reached where the 
reaction progresses as fast in one direction as it does in the other 
a condition known as equilibrium has been reached and the 
reaction apparently stops. If it continues at all it is going in both 
directions equally, and the conditions are unchanged. For any 
two substances under the same conditions of temperature, pres- 
sure, etc., the proportions required to bring about equilibrium 
are constant, but these proportions will differ under different 
conditions. 

190. Prevention of Equilibrium. Since in most cases of 
chemical reaction it is desirable to transform all of our reacting 
substances, and not merely a part, it is necessary to bring about 
the reaction in such a manner as to prevent equilibrium. The 
conditions producing equihbrium may be avoided by increasing 
the proportion of one or more of the reagents^ or by decreasing the 
proportion of one or more of the products. In either case the pro- 
portions are changed in such a manner that equilibrium is 
impossible. This method is known as the effect of mass action 
and the speed of the reaction is increased in one direction only. 
In practice the formation and escape of a gas^ or the formation 
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of a precipitate removes one of the products and permits the reaction 
to proceed in one direction to completion — such as the action of 
zinc on sulphuric acid. 

191. Fundamental Laws of Combination. 

(1) Law of definite weight. Any given chemical compound 
always contains the same elements in the same ratio by weight, 
if the compound is pure. Thus, by weight, 1 part of hydrogen, 
23 of sodium, or 39 of potassium will unite with 19 of fluorine, 
35.5 of chlorine, 80 of bromine or 127 of iodine; but double the 
amount of the metallic element will be required to unite with 
16 parts of oxygen or 32 of sulphur. (See §180.) 

(2) Law of Definite Volume, Any chemical compound made 
up of gaseous elements always has the same elements in the 
same volumetric ratio. Thus 1 volume of hydrogen will unite 
with 1 volume of fluorine, chlorine, bromine or iodine; but 2 
volumes of hydrogen are required to unite with 1 volume of 
oxygen or sulphur vapor; 3 volumes of hydrogen are required 
for 1 volume of nitrogen, etc. Since all gases have weight the 
law of definite weight applies to them as well as to other sub- 
stances. 

(3) Law of Multiple Weights, When two or more com- 
pounds contain the same kind of elements, at least one of the 
elements has a different weight in each compound, and this is 
always a simple multiple of its least combining, or atomic weight. 
Thus we may have iron disulphide, FeS 2 , as well as FeS; KCIO3, 
or KCIO4; Mn02 or MnaOT. 

(4) Law of Multiple Volume, In compounds made up of 
the same gaseous elements at least one of the elements has a 
different volume in each of the compounds and this volume is a 
simple multiple of its least combining, (usually atonaic) volxime. 
Thus we have water, H 2 O, and hydi'ogen dioxide, H 2 O 2 , and 
others in the same way. Naturally the law of multiple weights 
applies to all compounds obeying the law of multiple volumes. 
The compounds of nitrogen and oxygen will illustrate this: 
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Nitrogen Oxygen Nitrogen Oxygen 


Compound 

Formula 

by 

weight 

by 

weight 

by 

volume 

by 

volume 

Nitrogen monoxide 

NoO 

28 

16 

2 

1 

Nitrogen dioxide 

N 2 O 2 

28 

32 

2 

2 

Nitrogen trioxide 

N 2 O 3 

28 

48 

2 

3 

Nitrogen tetroxide 

N 2 O 4 

28 

64 

2 

4 

Nitrogen pentoxide 

N 2 O 5 

28 

80 

2 

5 


192. Problems. Complete the following equations 

1. Ca04-H20-^ 

2. Ca(OH)2+NaoC03-. 

3. Zn-l~2HCl — > 

4. 2NH4Cl+Ca(OH)2-^ 

5. AgNOa Hr HCl—> 

6. NaOHH-HCl-> 

7 Pb(C2H302)2+2KI-^ 

8 NaN03H-H2S04-^ 

9 2NaCl+H2S04^ 

10. HgNOs+NaCl-^ 
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ENERGY AND CHEMICAL ACTION 

193. The Law of the Conservation of Matter tells us that we 
can neither create nor destroy matter and the law of the conserva- 
tion of energy tells us that we can neither create nor destroy 
energy, W e use various forms of energy to bring about chemical 
action, or we produce one or more of these forms during a chemi- 
cal reaction, but it is very seldom that an equation tells us any- 
thing about the amount of energy we have used or produced. 

194. Heat. The reactions involving heat are more numer- 
ous than those involving any other form of energy. In every 
chemical reaction heat is either liberated or absorbed, and if two or 
more reactions are possible the one involving the greatest heat 
changes is the one that will usually occur. If the heat is measured 
it is expressed in calories. The calorie is the amount of heat 
required to raise the temperature of 1 gram of water 1 degree C., 
the average of 100 degrees being taken, and this is approxi- 
mately the same as the amount required to raise the temperature 
from 15° to 16°. Chemical glassware is usually calibrated for 
this temperature. The Bunsen burner (Fig. 53) is usually used 
in the laboratory. It is not as powerful as the Meker burner 
(see Fig. 54) . In the Meker burner the tube is made larger and a 
nickel grid at the top divides the flame into many small Bunsen 
flames with the hottest blast of the flame about 2 mm. above 
the burner. The flame has nearly a uniform temperature 
throughout, while the Bunsen flame is hottest at the top. 

196. Heat Applied to Bring About the Reaction. When 
heat is required to bring about a reaction it is sometimes 7 ieces- 
sary to apply it during the entire process of the experiment, as 
when potassium chlorate is decomposed; but there are many 
others where, after the first application of the heat, the amount 
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of heat developed by the reaction itself is sufficient to continue the 
process, as in burning ordinary illuminating gas. If heat is 
given off in forming a compound it is known as an exothermic 
compound because of this evolution of heat. When a com- 
pound is formed with the evolution of heat, it cannot be decom- 
posed by heat alone unless the amount of heat applied is as great 
as the amount that was given off when the compound was 
formed. For this reason water is a very stable compound. 
(See §114.) On the other hand when heat is absorbed in the 
reaction the compound is said to be endothermic as in the for- 
mation of hydriodic acid, carbon disulphide, ozone, etc. Such 
compounds are usually unstable when heated. 



Fig. 53. Bunsen Burner. Fig. 54. Meker Burner. 


196, The Products of the Combustion of the Common Gases, 
Liquids and Solids are carbon dioxide, water and occasionally 
sulphur dioxide. The reactions are all exothermic and the heat 
equations may be written by adding to the usual equation the 
number of calories evolved when the substance is burned, or 
subtracting the number absorbed when the substance is decom- 
posed. 


— > HaO +57,600 calories 
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This means that the combined intrinsic energies of 2 grams 
of hydrogen and 16 grams of oxygen is 57,600 calories more 
than the intrinsic energy of 18 grams of water. 

Il 2 “hCls ~f" Aq — > 2HClAq -f’78;800 calories 

The term Aq (aqua, water) is taken for any water that is pres- 
ent in which one or more of the substances may dissolve. 

NH3-i-HCl-^NH4Cl-}~41,900 calories 

When hydrochloric acid is decomposed 22,000 calories are 
required to bring about the decomposition and the equation 
would be written 

IICl H -hCl — 22,000 calories 

197. Heat of Neutralization. It may be shown by experiment 
that when gram-molecular weights of the different acids are 
neutralized by equivalent amounts of the different alkalies 
the heat of neutralization is practically the same for all of the 
different combinations, being theoretically 13,700 calories, 
although some combinations vary within the limits of 200 
calories, which is not large by comparison. The law holds 
better for strong acids and bases used in dilute solutions. 
According to the law of ionization the molecules of the acid a.nd 
the base are ionized when in solution, and if the two solutions are 
mixed neutralization occui’s, the positive hydrogen ion combining 
with the negative hydroxyl ion to form the neutral compound, 
water, while the original radical of the add and the original metal 
of the alkali form a salt, usually neutral. Since the acid and 
the base were both in dilute solution the salt thus formed will be 
in dilute solution and will remain partly ionized until the solution 
is concentrated. Since the hydrogen and hydroxyl ions always 
unite, there is no ionization of water, and since the process of 
neutralization is always the same, the heat of formation must 
always be the same, namely, that for the combination of one 
gram equivalent of hydrogen with one gram equivalent of 
hj^droxyl. 
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Weak acids and weak bases have been defined as those which 
do not ionize to any extent when made into a dilute solution. 
Strong acids and bases are those that ionize to a large extent when 
made into dilute solution. When weak acids, such as formic, 
acetic, phosphoric, etc., are neutralized by strong bases, such as 
sodium hydroxide or potassium hydroxide, or when strong acids 
such as nitric, sulphuric or hydrochloric are neutralized by' weak 
bases such as ammonium hydroxide the heat of neutralization 
varies widely from the theoretical 13,700 calories, even in very 
dilute solutions. 

The weak acids and bases do not dissociate completely and 
neutralization can proceed only until the dissociated parts have 
reacted; but as neutralization proceeds more molecules will be 
dissociated and heat will be either evolved or consumed. This 
heat will, therefore, either increase or decrease the heat of 
neutralization, and the heat of neutralization will be equal 
to the theoretical amount only when the heat of dissociation is 
equal to zero. 

198. Electricity and Chemical Action. Electricity takes 
part in chemical action in two ways, (1) It may be produced 
by chemical action, (2) It may be used to bring about chemical 
action. Since the modern dynamo has become so widely used, 
the methods of transforming the alternating current to the direct 
are so well known, the use of cells of any kind in the laboratory 
for the production of the electric current is not as satisfactory 
as more modern methods, although storage batteries and dry 
cells are used extensively in commerce. 

Where the dynamo current is used the student should be 
familiar with rheostats, methods of cutting down currents, 
resistance laws, and if the current is alternating, he should know 
how to change the current to the direct by use of the rectifier (see 
§206), or by using a rotary converter or motor generator outfit- 

Only a brief description of cells will be given in this tex±, and 
the student is referred to the various textbooks of physics for 
descriptions of others not mentioned in this chapter. 
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199. Classes of Cells. There are two main classes of cells, 
primary and secondary. Primary cells generate their own cur- 
rent from the chemical action between the electrolyte ^nd one of 
the plates; secondary or '^storage’’ cells must be charged by an 
external current, which produces a chemical action, changing 
the nature of the plates in such a manner that after the charging 
current is removed the electrolyte and one of the plates act in 
the same manner as a primary cell. 

200. Primary Cells are divided into two classes — those for 
open circuit work where the current is wanted for short periods 
of time, as for ringing door bells; those for closed circmt work 
where a steady current is desired, as in running a motor. Zinc is 
the metal most often used to react with the electrolyte, and since 
impure zinc contains small amounts of carbon small local cells 
may be set up on the surface of the zinc, causing a great waste of 
material without contributing to the current strength, unless ^he 
zinc is amalgamated. Amalgamation consists in cleaning the 
surface of the zinc with acid, and dipping it into mercury, while 
the surface is rubbed with a cloth. This process brings only pure 
zinc to the surface and reduces local action to a minimum. 
Amalgamation may be brought about by the displacement of 
the mercury from such a salt as mercurous nitrate by dipping 
the clean zinc into a solution of the salt. 

201. Action in a Cell. When zinc alone is placed in dilute 
sulphuric acid hydrogen is given off and the hydrogen ions unite 
to form molecules, but when a copper or carbon strip is placed 
in the solution of acid with the zinc, and the ends are joined 
with a wire, the ions of hydrogen travel from the zinc to the 
copper or carbon where they give up their electrical charges 
before they unite to form the molecule, and in this manner a 
current of electricity is obtained. The great difficulty is that 
bubbles of hydrogen have a tendency to cling to the copper or 
carbon plate after they have given up their charges, and prevent 
the next ions from giving up their charges, thus diminishing the 
strength of the current, until it soon falls to zero. This clinging 
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of the hydrogen to the copper or carbon plate is known as 
polarization, and to prevent it several methods are followed: 
(1) the pl§te may be roughened; (2) the plate may be taken out 
and cleaned frequently; (3) depolarizing substances may be 
used. A depolarizing substance is usually rich in oxygen so that 
it reacts with the hydrogen as the latter approaches the plate, 
and forms water. In this way a steady current may be main- 
tained. The problem of depolarizing, together with that of 
trying to make a cheap cell having a long life and high electro- 
motive force, has led to the production of a great many different 
cells, but in this chapter only a few of each type will be described, 
in order to make clear the fundamental principles. 

202. Primary Cells of the Open Circuit Type. (1) In the 
Leclanche cell a porous cup contains a carbon rod packed in 
manganese dioxide and pulverized carbon. The filled cup, and a 
zinc pencil are placed in a glass jar containing a strong solution 
of ammonium chloride, about 150 grams being used in a jar 
that will hold a liter. The ammonium chloride is not acted 
upon by the zinc unless the current is being used, when the 
equation for the reaction is 

2NH4CI -hZn ZnCh +2NH3+2H 

The hydrogen passes through the porous cup, where it comes 
in contact with the manganese dioxide, reacting according to 
the equation 

2M11O2+2H mO+Un^Oz 

The latter action is slow and the cell must be given much 
longer periods of rest than of activity, but with proper care it 
may be used a year or more before requiring any renewal of 
parts. 

Sometimes the porous cup and the manganese dioxide and 
pulverized carbon are omitted, the zinc and carbon sticks being 
placed directly in the solution of ammonium chloride. When 
this is done polarization is prevented only by allowing the cell 
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to rest much more than it is used, when the hydrogen passes off 
into the air slowly. 

203, In the Dry Cell the zinc is made into the<iform oi a 
hollow cylinder with a water tight bottom, and may be lined 
with absorbent paper. (Fig. 55.) The carbon rod is ^placed in 
the zinc cylinder and is packed with zinc chloride, zinc oxide, 
manganese dioxide, pulverized carbon, and plaster of Paris, 
made into a paste with water. The top is sealed with bitumen 
to prevent leaking. The cell is not dry except externally, and 
as the cell gradually becomes dry internally, the chemical action 
between the zinc and ammonium chloride becomes less and 
finally ceases entirely. Fig. 56 shows a vertical section of a drs’' 



Fig. 55. A Dry Cell 


Fig. 56. Vertical Section 
of a Dry Cell 


cell. The cheimcal reactions are practically the same as m the 
Leclanche cell, of which the dry cell is a modification. Owing 
to the convenience of handling and using, and the small cost of 
replacing them when worn out, dry cells have practically driven 
other open circuit cells from the market. The United States 
now produces annually more than 50,000,000 dry cells and 
storage batteries valued at more than $86,000,000. 

The deterioration of dry cells kept for any length of time is 
lessened by coating one of the electrodes with such substances 
as gelatine, glucose, flour paste or agar-agar. 
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204. Of the Primary Cells of the Closed Circuit Type, 
The Darnell Cell is the best known. In a glass jar, containing a 
strong solution of copper sulphate, is placed a copper cylinder 
that may be fitted with a perforated pocket for holding crystals 
of copper sulphate in order to keep up the strength of the solu- 
tion. (See Fig. 57.) Inside the copper cylinder is placed a porous 
cup that contams dilute sulphuric acid and a zinc plate that 
usually has a cross section shaped thus + . The chemical action 
between the zinc and the acid gives hydrogen and zinc sulphate 

Zn “|“il2S04 — > Z11SO4 -|~2II 

The hydrogen passes through the cup where it comes in con- 
tact with the copper sulphate solution, with which it reacts 
according to the equation 


2H4-CUSO4 CU4-H2SO4 



Fig. 57. A Daniell Cell. Fig. 58. A Gravity Cell. 


The Copper, which, like the hydrogen, is electro-positive, travels 
with the current and is deposited upon the copper cylinder. 
Since no hydrogen can reach the copper cylinder, polarization 
is prevented. The sulphuric acid in the porous cup is gradually 
changed by the action of the zinc into zinc sulphate, and if the 
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strength of the copper sulphate is not kept up it will in time be 
entirely reduced to sulphuric acid by the action of the hydrogen. 

In the gravity cell the main action 
is the same as in the Daniell cell. The 
porous cup is omitted and the liquids 
are kept apart by gravity. (See Fig. 
58). The copper and zinc plates are 
shaped so as to be held in a horizontal 
position. 

(2) In the Edison primary battery 
two plates, one of zinc and the other of 
copper oxide, are both placed in a strong 
solution of potassium hydroxide, and 
the whole is covered with heavy oil to 
keep out the air and to prevent evapora- 
tion. (See Fig. 59.) There is no action 
between the zinc and the potassium 
hydroxide unless the solution is warmed 
or unless the circuit is closed. Then the 
reaction is shown by the equation 

Fig. 59. Edison Pri- Zn+ 2 K 0 H->K 2 Zn 02 -f 2H (see also §60). 

maryCell. hydrogen passes to the copper 

oxide plate where it is oxidized to water by the oxygen of the 
plate, the oxide being reduced to copper. 

2H4-Cu0-^H20+Cu 

206. Of the Secondary or Storage Cells the common form is 
the lead plate cell. 

In the common form the positive plate has a framework or 
grid packed with lead dioxide, Pb 02 , and in the same manner 
the negative plate is packed with spongy (finely divided) lead. 
(See Fig. 60.) These plates are both placed in dilute sulphuric 
acid. When the cell is discharging the probable reaction that 
occurs is represented by the equation 
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Pig. 60 . The Lead Plate Storage Cell. 

PbOj + Pb + 2 HjS 04 -»PbS 04 + PbS 04 + 2H5O 

positive negative on positive plate on negative plate 

As the action continues the current gradually diminishes as 
the plates become more alike. When the cell is charged the 
equation would read 

PbSOi + PbS04 + 2H20->^Pb02 + Pb-f 2 H 2 S 04 

on positive plate on negative plate positive negative 

It is claimed that on charging a cell Pb 206 may be formed in- 
stead of PbOs, and that lead subsulphate, Pb2S04 is formed 
in discharging instead of PbS04. The equations for the dis- 
charge are given as follows: 

On the negative plate 2Pb +H2SO4 -s- Pb2S04 4-H2 

and on the positive plate Pb206+H2-» 2Pb02“bH20 

The subsulphate of lead is easily oxidized in the air to the white 
sulphate, PbS04. 

A storage ceE does not store electricity, but acts as a primary 
cell after being charged. The charging current must have a 
higher voltage than the current obtained from the cell, and the 
time of charging must be more than the time of discharging. 
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The charging and discharging are problems of electrolysis pro- 
ducing chemical action. Lead plate cells are very heavy. 

206. The Edison Storage Cell is both lighter and stronger 

than the lead plate cell. In this cell 
the plates are nickel plated steel, 
having perforated pockets that con- 
tain nickel dioxide, Ni 02 , on the 
positive plate, and finely divided 
iron on the negative. A solution 
of potassium hydroxide is the elec- 
trolyte just as in the Edison pri- 
mary cell. (See Fig. 61.) The 
chemical action is different for the 
two plates, but in each case reverses 
during charging and discharging. 
Ionization of the potassium hydrox- 
ide solution gives potassium ions 
and hydroxyl ions. At the positive 
plate during discharging the nickel 
peroxide reacts with the potassium ions and water forming 
nickel oxide and potassium hydroxide, 



Pig. 61 Edison Storage Cell. 


Ni02-fH20+2K~.Ni0 +2KOH, 
the reaction being reversed during charging. 

At the negative plate the iron reacts with the hydroxyl ions 
Fe+20H->Fe04-H20 


and this reverses during charging. 

No secondary cell will yield as much current as is sent into it 
in charging. This means that a storage cell can be used less 
than half of the time if the rate of flow is the same during charg- 
ing and discharging. The most satisfactory method of obtaining 
the direct current when only the alternating is furnished is 
through the use of the tungar rectifier. (See Fig. 62.) The 
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lamp has a tungsten cathode and a carbon anode, and is filled 
with argon. Each electrode is connected to one terminal of the 
A. C. Hne but the current can pass only from the tungsten to the 
carbon thus giving a puls- 
ating; direct current. The 
small size gives a 2 ampere 
current of 7.5 volts and 
the medium size 6 amperes 
of 15 volts. 

207. Use of Electricily 
to Bring About Chemical 
Action. Electricity is used 
in two ways to bring about 
chemical action, (1) to pro- 
duce intense heat, (2) to 
dissociate chemical com- 
pounds. When the current is used simply to produce heat either 
the alternating or direct current may be used, the choice depend- 
ing somewhat upon the construction of the furnace. The simple 
electric furnace (See Fig. 63) consists essentially of two carbon 



electrodes placed in a horizontal position instead of in a vertical 
or right angle position as in the arc lamp. The carbons are sur- 
rounded by bricks of lime or other infusible material, hollowed 
out above and below the electrodes to the depth of a few centi- 
meters. The resistance of the air to the passage of the current 
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produces the intense heat which is reflected downward from the 
arched roof of the furnace, giving a temperature Yar 3 dng from 
1000® to 3500® depending upon the current and the resistance. 
In the average electrical furnace of the laboratory only small 
amounts of material can be fused at a time, but they are often 
made of large size for industrial work, as at Niagara Falls where 
the power of the turbines that turn the dynamos is derived from 
the falling water. This gives special facilities for producing 
such substances as calcium carbide, CaC 2 ; carborundum, SiC; 
artificial graphite, C; barium hydroxide, Ba(OH) 2 ; phosphorus, 
P; carbon disulphide, CS 2 ; etc , which will be described as they 
are studied in connection with kindred compounds. 

In using electricity for heating purposes the modern labora- 
tory applies it in several other ways — the electrically heated 
water bath, drying ovens, hot plates, sand bath, flask heater, 
(Fig. 64) , coil heater, crucible heater, water still, muffle furnace 
(Fig. 65), extraction apparatus, etc., in fact wherever a steady. 



Fig. 64. Electric Flask Heater. 


even, easily r^ated heat is desired, free from flame, dirt and 
fumes. In most laboratory apparatus the heat is generated by 
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the resistance offered by one or more coils of wire to the passage 
of the current. 



Fig. 65. Electric Muffie Furnace. 


208. The second use of electricity in the chemical laboratory 
is in the dissociation of chemical compounds j and the applications 
are many. Electroplating, electrolytic refining of metals, and 
electrolytic analysis are the main divisions of the applications, 
but they are all fundamentally the same. The process consists 
essentially of the following: The terminals of the battery, or the 
dynamo, are known as positive and negative. These terminals 
are usually enlarged by attaching to them plates of metal or 
carbon, and these plates are then dipped into what is known as 
an electrolytic cell. This cell is usually a dilute solution of an 
acid, base or salt, and the solution has undergone partial ioniza- 
tion, the molecules separating into the positive ions, or cations, 
because they go to the negative electrode or cathode; and nega- 
tive ions, or anions, because they go to the positive electrode or 
anode. In this, ions obey the law of magnets^ that unlike attract, 
and like repel. The metals^ hydrogen and the ammonium radical 
are the most important cations, and the non-metallic elements and 
radicals are the anions, (For list of radicals see §155.) 

209. The Electrolysis of Dilute Sulphuric Acid is erroneously 
called the electrolysis of water. When water containing a few 
drops of sulphuric acid is poured into a suitable vessel, e.g. a 
Hofmann apparatus, and the current is turned on, bubbles of 
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gas will be seen to rise in both tubes. The sulphuric acid in 
dilute solution has been ionized, and when the current passes 
the positive hydrogen travels with the current and goes to the 
cathode, while the radical SO4 travels against the current and 
goes to the anode. The radical does not collect at the anode, 
however, but combines with water to form sulphuric acid and to 
free oxygen. Thus only hydrogen will collect in the tube con- 
taining the cathode, and only oxygen will collect in the tube 
containing the anode, and as these two gases are freed in the 
right proportions to form water when they recombine the opera- 
tion is frequently, but incorrectly, called the electrolysis of 
water. The water disappears because of the chemical action, 
and not because it is electrolyzed. Pure water does not ionize, 
and therefore does not conduct the current. 

Electrolyses of Potdssiiim Sulphate. If a solution of potassium 
sulphate is placed in a Hofmann’s apparatus and the current is 
turned on the action at the anode is somewhat sunilar to that 
described in the preceding paragraph. The SO 4, with the 
accumulation of oxygen, is set free in the same way, but at the 
cathode the action is more complicated than in the electrolysis 
of dilute sulphuric acid. Instead of hydrogen, potassium is freed 
and the metal, instead of collecting on the cathode, decomposes 
part of the water present and forms potassium hydroxide and at 
the same time frees hydrogen, as before. We thus have in 
addition to the two gases, oxygen and hydrogen, an acid and a 
base in our tubes, so that if the current is reversed we get a 
further reaction, this time chemical, between the acid and the 
base, forming water and potassium sulphate, such as we had at 
the first part of the experiment, 

KOH H 

• + S04~>2H20-hK2S04 (solution) 

k;oh h * 

No matter what we take the same general law holds, namely, 
that the electro-positive element or radical travels with the current 
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to the cathode^ and the electro-‘7iegattve element or rad%cal travels 
against the current to the anode. Secondary reactions of a chemi- 
cal nature will always occur if any of the products formed by 
electrolysis can react either 'v\ith any of the parts of the solutions 
present or with the electrodes themselves. In many cases plati- 
num electrodes are used, but in the electrolysis of hydrochloric 
acid or any chloride the ionic chlorine will attack the platinum 
so that carbon electrodes must be used instead. 

210. Electro-platmg. In electro-plating the process is 
essentially the same as just described, differing only in the 
materials used, while special care must be taken to clean the 
surface of the article to be plated so that the covering metal will 
adhere. The cleaned article is made the cathode and a plate of 
the pure metal desired as a plating is made the anode. The elec- 
trolyte is a solution of one of the salts of the metal to be deposited as 
the plating. It is called the bath. The anode and cathode are 
dipped into the bath and the current, of low voltage and relatively 
heavy amperage, is turned on. (See Fig. 66.) The solution of 
the bath, partly ionized, 
yields the metallic part to 
travel with the current to 
the cathode where it is 
deposited as the plating, 
while the non-metallic 
part travels against the 
current to the anode where 
it attacks the anode and 
re-forms the salt used in 
the bath. In this way the anode is gradually worn away, to 
keep up the strength of the bath, but the metal deposited upon 
the cathode comes directly from the solution and will be de- 
posited in the same way until it is all taken from the bath even 
though a carbon anode is used. The process is the same for all 
kinds of plating — gold, silver, nickel, copper, etc. — and the 
differences are essentially in the choice of bath, anode and 
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rrent strength. Some metals do not adhere well to others and 
len this is the case a preliminary plate of a different metal must 
st be given. Silver adheres well to copper but not to iron or 
id, while copper will adhere to iron or lead, so that if it is 
!sired to silver plate over iron or lead a preliminary plate of 
.pper is given, after which the silver will adhere to the copper. 
211. Electrol 3 rtic Refining of Metals. This is essentially the 
me as eiectro-platmg,the chief differences being that the anode 
impure and the cathode is made either of the pure metal or of 
)me metal upon which the pure metal may be deposited and 
om which it may be easily removed. The impurities drop to 
%e bottom of the bath and are removed from time to time. 
There is a definite relation between the strength of the 
lectric current and the amount of metal that may be deposited 
I a given time. This varies practically as the equivalent weight 
f the metal. A one ampere current will liberate 0.036 gram of 
ydrogen in one hour, while the same current will liberate 1.18 
raxus of copper or 4 . 025 grams of silver. 

In stating the proportion between silver and copper, the 
toiuic weight of copper must be divided by 2 for a cupric salt, 
ince the valence of the copper is 2, while the valence of silver is 
, The following proportion has the product of the means very 
learly equal to the product of the extremes: 

31 785 • 107 88 •: 1,18 : 4.025 

Theoretically the amount of any metal that may be deposited 
yy electrolysis might be used to measure the strength of the 
urrent, but practically there are difficulties that appear in 
aauy cases. Some metals do not separate uniformly upon the 
nrface of the cathode and do not adhere firmly to it. It is 
^metimes impossible to wash and weigh the deposit. Some 
netals are easily oxidized during deposition or when exposed 
p the air in washing and drying them. Silver yields the most 
j^tisfactory results, and copper is considered the next in relia- 
bility 
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As stated in the discussion of ionization, only certain kinds of 
solutions conduct the current readily or are decomposed by the 
current, and in these the dissociation 'is greatest in dilute solutions. 
Since the action of ions will be the same no matter what the source, 
a study of the ionic action enables the student to tell more 
easily what to expect in different experiments, where trying to 
memorize without understanding the fundamental theory would 
soon become very difficult. 

212. Light and Chemical Action. Light may be produced by 
chemical action or it may bring about chemical reaction. Light 
is produced by chemical action whenever the heat produced is 
sufficient to ignite the gaseous products spontaneously. Some of 
these reactions are the ignition of the hydrogen when potassium 
decomposes water; the flash produced when iodine unites with 
phosphorus; the spontaneous ignition of phosphorus when 
rapidly oxidized by the air from a carbon disulphide solution; 
or when strong sulphuric acid is dropped upon a mixture of 
powdered potassium chlorate and sugar. 

Light brings about a number of chemical reactions, among which 
are the combination of- chlorine and hydrogen in sunlight to 
form hydrochloric acid: the decomposition of silver salts, which 
gives the fundamental basis of photography (§478); the decom- 
position of chlorine water into hydrochloric and hypochlorous 
acids, and the further decomposition of the latter into hydro- 
chloric acid and oxygen : the decomposition of nitric acid, mer- 
curous chloride and various other compounds, which may be 
overcome in part by the use of blue or amber colored bottles. 
These decompositions will be spoken of in greater detail where 
the compounds are described in the later parts of the text. 

213. Problems. 

1. How much mercury will be required to combine withrthe oxygen, 
freed from acidulated water by a four-ampere current in five hours? 

Hg+0-.HgO 

2. How much copper nitrate will be formed by the action of nitric acid 
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on the copper, freed from a copper sulphate solution by a seven ampere cur- 
rent acting for 10 hours? 

3 Write a quantitative equation showing the electrolysis of 10 grams 
of sodium chloride 

4. Write a quantitative equation showing the electrolvsis of a mole of 
potassium sulphate. 

The Relation of Volume and Mass op Gases 

The volume of a gas in liters may be found by dividmg the number of 
grams of the gas by the weight of a liter of the gas. The weight of a liter 
may be found by multiplymg the density of the gas compared with hydrogen 
by the weight of a liter of hydrogen which was given as 0.089873 gram. The 
density of simple gases is usually the same as their atomic weight compared 
with hydrogen Of compound gases it is half their molecular weight. 
Thus how many liters of oxygen in 17 89675 grams if the density of oxygen 
IS 15.88 compared with hydrogen? 

For computations the weight of a liter of hydrogen is taken as 0.089873, 
and this multiplied by 15 88 gives approximately 1.43 which is contained 
in 17.89675, or the number of grams, 12.515 times thus giving the number 
of liters. 

It has been found that 22.32 liters of any normal gas weigh a number of 
grams equal to the molecular weight of the gas. 

Thus 

22.32 hters of hydrogen weigh 2 grams 

22.32 liters of oxygen weigh 32 grams 

22.32 liters of carbon dioxide weigh 44 grams, etc 

From the above it may be seen that 

(1) One gram of any gas occupies a number of liters equal to 22.32 
divided by the molecular weight of the gas. 

(2) One liter of a gas weighs its molecular weight, expressed as grams, 
divided by 22 32. 

(3) That the volume in hters may be found by multiplying the number 
of grams of the gas by 22.32 and dividmg by the molecular weight. The 
molecular weight of simple gases may be found in most cases by multiplymg 
the atomic weight by two since they usually contain two atoms per mole- 
cule. However, arsenic and phosphorus contain four and mercury vapor 
has only one atom per molecule. 

The weight of a liter of air is 14 475 times the weight of a hter of hydro- 
gen. Since the hydrogen molecule is H 2 , the theoretical molecular weight of 
air may be taken as 28.95. The relative weight of any gas and air may be 
found by dividing the molecular weight of the gas by 28.95. Thus SOt 
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(molecular weight 64) is easily seen to be approximately 2.2 times as heavy 
as air: CO 2 approximately 1.5 times as heavy as air, etc 

1. How many hters m 10 grams ol each of the following gases: Oxygen, 
hydrogen, carbon dioxide, carbon monoxide, nitrogen, nitrogen monoxide, 
hydrogen sulphide, ammonia, hydrogen chloride? 

2. If you had 10 liters of each of the above gases, what would be the 
weight of each? 

3. Fmd the relative weight of each of the followmg gases and air: 
CO, NHa, CH4, PHs, SbHs, C2H4, C2H6, H2S, N2, F2, CI2, O2. 

4. Fmd approximately the relative weight of each gas in problem 3 
to each of the other gases given in the problem. Thus — find the relative 
weight of CO to NH3, then to CH4, PH3, etc. Work enough to become 
familiar with the method. 



CHAPTER XI 


THE HALOGEN GROUP OF ELEMENTS 

Fluorine, Chlorine, Bromine and Iodine 

The elements forming this group make one of the best defined 
groups in the entire list of elements. They are known as the 
halogens, meaning “to form salt.'^ They are very similar in 
their general properties and in the compounds th^t they form, 
the chief difference being in the activity of their reactions. 

Fluorine 

Symbol, F. Atomic Weight, 19. Valence, 1. 

214. Occurrence and Preparation. Fluorine never occurs 
free, since its great chemical activity causes it to combine with 
all other common elements except oxygen. It occurs chiefly 
in combination with calcium, as calcium fluoride, CaF 2 , com- 
monly called fluorspar, or with sodium and aluminum forming a 
double fluoride, NasAlFe, called cryohte, which is found largely 
in Greenland. Free fluorine was first obtained by the electroly- 
sis of hydrofluoric acid, HF, mixed with a little potassium 
fluoride, KF, contained in a platinum vessel cooled to a tempera- 
ture of about —50®. 

Hydrofluoric Acid, HF or H 2 F 2 

216. Preparation. Hydrofluoric acid is made by pouring a 
little sulphuric acid upon a paste made of calcium fluoride, 
CaF 2 , and water. The mixture should be put into a lead or 
platinum dish because the acid attacks glass readily. The 
equation showing the reaction is 

CaF2+H2S04 ^ H 2 F 2 T -hCaSOi 

216. Physical Properties. As used in the laboratory 
hydrofluoric acid may be either a liquid or a gas, depending upon 
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the temperature. Above 19.4'' the acid is a gas, but below that 
point it is a liquid if the acid is pure. It becomes solid at 
— 92.3°. The gas fumes in moist air, dissolves readily in water 
and will always contain water unless special precautions are 
taken in making it. The aqueous solution distilled at 120° 
yields a liquid containing about 36.4% of the acid. At 100° 
the formula is HF, at 30° it is H 2 F 2 , and at lower temperatures it 
is even more complex. The ordinary solution has a specific 
gravity of about 1.06. 

217. Chemical Properties. Pure dry hydrofluoric acid 
does not act on glass, but when it is moist it forms silicon 
fluoride, SiF 4 , and the fluoride of potassium, sodium or lead 
according to the kind of glass. The vapor gives rough depres- 
sions, easily visible; but the solution gives smooth, glossy ones. 
In commercial etching the solution is used. With silica, SiOa, 
the reaction is 

S1O2 -f-2H2F2 S1F4+2H3O 

After etching the depressions are filled with a paint made by 
soaking beeswax in gasohne for a week and coloring with lead 
tetroxide (red); zinc oxide (white), etc. 

Chlorine 

Symbol, Cl. Atomic Weight, 35.46. Valence 1. 

218. Occurrence. Clilorine occurs in great abundance, but 

it is always found combined with other elements, such as sodium, 
potassium and magnesium. Only small amounts occur in 
nature combined with oxygen or hydrogen. Sea water is about 
2}4 3 solid matter, chiefly sodium chloride, which permits 

the production of about 5 liters of chlorine from the chlorides 
found in 1 liter of the water. 

219. Preparation. Since chlorine occurs combined it must 
be prepared by decomposing its compounds. If manganese 
dioxide and hydrochloric acid are mixed and heated in a flask 
the hydrogen of the acid is oxidized to water, haK of the chlorine 
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is set free, and the other half combines with the manganese 
according to the equation 

4HCl+Mn02-> MnCl2-h2H>0+Cl2 T 

The gas is collected either over salt water or by dry downward 
displacement (See Fig. 67) since it is soluble in ordinary water 
and reacts with mercury. Since hydrochloric acid is formed 
by the action of sulphuric acid on sodium chloride, these two 
may be substituted for the hydrochloric acid with the final 
equation 

4NaCl+4H2S044-Mn0i~>4NaHS04+MnCl2+2H20-l-Cl2t 

Chlorine is now produced on a commercial scale in large 
quantities by using the Nelson cell which came into prominence 

during the World War when 
3500 of these were installed 
at the Edgewood Arsenal, 
Maryland, with a total pro- 
duction of 100 tons of 
chlorine per day. 

A rectangular steel box 
contains a perforated XJ- 
shaped trough of sheet steel 
running the entire length of 
the cell and closed at the 
ends by cement blocks. 
This trough acts as a cath- 
ode. An automatic feed 
admits the sodium chloride solution into this trough in which 
the anodes are suspended. These are specially treated bars 
of graphite. The perforated cathode is lined with asbes- 
tos. The sodium chloride solution is decomposed and chlorine 
is set free at the anodes while sodium hydroxide is formed 
at the cathode. The sodium chloride solution passes through 
the diaphragm and carries with it the sodium hydroxide to 



Fig. 67. Preparation of Chlorine. 
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the space outside the cathode. The chlorine goes to the top 
of the anode chamber from which it is conducted by an outlet 
pipe and is kept from mixing with the sodium hydroxide solu- 
tion by means of the diaphragm in the cell. The mixture of 
sodium hydroxide solution and sodium chlorine solution is 
separated by evaporating and crystallizing. Under favorable 
operating conditions the Nelson cell should average 2}^ pounds 
of chlorine and pounds of sodium hydroxide per hour. 

220. Physical Properties. Chlorine is a greemsh yellow gas 
having a disagreeable odor. If chlorine is inhaled in small 
quantities it acts upon the membranes causing a chlorine cold; 
if in large quantities death results. At 20® its specific gravity is 
2.491 (air = l) or 35,46 (H = l). One liter of the gas weighs 
3.1674 grams. About 2.2 parts of chlorine are soluble in 1 part of 
water at ordinary temperatures, and 3 parts at 8®giving chlorine 
water. Chlorine may be liquefied at 15® with 4 atmospheres 
pressure or by reducing the temperature a little below —33.6® 
which is the boiling point of the liquid. Liquid chlorine has a 
specific gravity of about 1.15, is of a deep yellow color and may 
be frozen to a greenish yellow solid by cooling to —102®. 

221. Chemical Properties. Chlorine is very active when 
moist, combining vnth many substances readily, but is less active 
than fluorine and is nearly inactive when dry. In general its 
chemical reactions may be divided into 3 groups. The first of 
these groups is the direct combinations of chlorine with elements. 

When mixed with hydrogen it remains uncombined in the 
dark, combines slowly in diffused light, but explodes violent^ 
in direct sunlight, or in the light from burning magnesium rib- 
bon, forming a volume of hydrogen chloride equal to the sum of 
the volumes of the gases taken. Its affinity for hydrogen is so 
great that it decomposes all hydrogen compounds except hydro- 
chloric and hydrofluoric acids. 

With the metals and some non-metals it forms chlorides, many 
of the substances taking fire when introduced into the gas in a 
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powdered form. Among these may be mentioned antimony, 
arsenic, tin, copper, phosphorus, etc. Nascent chlorine from 
aqua regia dissolves gold and platinum, forming the chlorides of 
the metals. Melted sodium forms sodium chloride when intro- 
duced into the gas. 

A second class of reactions includes the substitution or addition 
'products formed when chlorine reacts with certain compounds^ 
When dissolved in water the chlorine displaces the hydrogen 
setting oxygen free, according to the final equation, 

H20-fCl2 — > 2HC1 (solution) +0 | 

With hydrogen sulphide the sulphur is set free, 

H 2 S+CI 2 2HC1 (solution) +S I 

With benzene, CeHe, 1 of the atoms of a chlorine molecule unites 
with 1 hydrogen atom forming hydrochloric acid while the other 
atom unites with the CeHe forming CeHsCl and so on until all 
of the hydrogen has been displaced after 6 molecules of chlorine 
have been added, so that the final equation would be 

C6H6-f‘6Cl2~»6HC14-C6Cl6 (condensing to a solid) 

or addition products may be formed the final one with benzene 
being CeHeCle. 

A third class of reactions are those when chlorine is used for 
bleaching purposes. Dry chlorine does not bleach, but if water is 
present many substances lose their color. The action is due to 
the decomposition of the water by the chlorine which gives the 
equation 

Cl2-fH20->HCl+HC10 

The hypochlorous acid, HCIO, decomposes 

HClO-^HCl-l-0 T 

This ionic oxygen reacts with part of the oxygen of the dye, 
to form a molecule of oxygen. Naturally a color that does not 
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depend upon the presence of oxygen for its permanency, such as 
printer's ink, cannot be bleached with chlorine. If the formula 
for any dye containing oxygen is taken as XYZOa the reaction 
between the dye and the ionic oxygen may be written 

XYZOn+O-^O.+XYZOn-i 

If the reaction occurs n times the final reaction may be ex- 
pressed by the equation 

XYZOn-i-iiO->n02-fXYZ 

and the substance is bleached. Any other source of ionic oxygen 
mil do the same work e.g. Na-^Oo with water is even more rapid 
than chlorine water. Or if the dye should contain no oxygen and 
the addition of oxygen bleached it the general equation would be 

XYZ-fnO-^XYZOa 

222. Uses of Chlorine, Chlorine is used for bleaching such 
substances as cotton, linen, paper pulp, etc., (See Fig. 68) as a 
disinfectant, where disagreeable gases are present, or for puri- 
fying water. It also enters into many compounds, such as the 
chlorides, chlorates, chloroform, etc. 



In the European War chlorine has been used to form gas 
clouds to drive the men from the trenches. Gas respirators are 
used to enable the men to resist the action of the chlorine. 
The solution used in one form of gas respirator consisted of 



178 


CHEMISTRY IN EVERYDAY LIFE 


glycerine, 2 oz.; water, 10 oz.; sodium thiosulphate, 15 oz,; 
sodium carbonate, 5 oz.; with eucalyptus as a refresher. The 
action of the sodium saltsmpon the chlorine fixes the chlorine as 
common salt, NaCI, the equation for the reaction being given as 
follows: 

4Cl2+Na2S203.5H204-5Na2C03-~>2Na2S04+8NaCl+5H20+5C02 

In addition to the use of chlorine many compounds of chlorine 
wesre used in the war. Silicon chloride and titanium chloride 
were used for smoke screens; chloroacetone, trichloromethyl 
chloroformatq and phenylcarbylamine chloride, benzyl chloride 
and chloropicrin were used as tear gases; mustard gas is dichloro- 
diethyl sulphide; sneezing gas is diphenylchloroarsine. It has 
been computed that more than 50% of the gases used were 
chlorine compounds, and that approximately 95% used chlorine 
either directly or indirectly. See Chapter 40. 

Some chlorine compounds as carbon tetrachloride, CCU; 
chloroform, CHCI3, dichlorethylene, C2H4CI2, and tetrachlor- 
ethylene, C2CI4, are solvents of fats and greases, and make ideal 
dry cleaning agents, instead of benzine. 

Since 1907 chlorine has been used for the purification of 
water. The death rate from typhoid decreased from 30.3 
per 100,000 in 1907 to 12.3 in 1917. In 2000 tests it was found 
that from 0.5 to 5 milligrams per hter of water is sufficient to 
render it safe. 

In the purification of water in swimming pools 0.5 pound of 
chlorine or 1.5 pound of calcium hypochlorite per 100,000 
gallons IS usually sufficient. 

Hydrochloric Acid or Hydrogen Chloride, HCl 

223. Preparation. Although hydrochloric acid is sometimes 
found free in nature, as in volcanic gases, it is strictly a manu- 
factured product as it is used. It is one of the products in the 
manufacture of the sodium sulphates, where common salt is 
heated with sulphuric acid, either one or two molecules of the 
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acid being obtained according to the temperature and the 
amount of salt used. If the reaction occurs at a moderate tem- 
perature the following is the equation : 

NaCl +H 2 SO 4 ^ NaHS 04 (solid) +HC1 1 

That the reaction is re- 
versible may be seen when 
a strong solution of the acid 
sulphate is treated with 
hydrochloric acid. A pre- 
cipitate of salt is thrown 
down. However, if double 
the amount of salt is used 
and the temperature is 
raised the reaction occurs as 
follows: 

2NaCH-H2S04-^ Na2S04 
(solid)4-2HCl | 

Fig. 69. Preparation of Hydrochloric 

The student should com- Acid, 

pare the reactions of sodium 

chloride and sulphuric acid with those of sodium nitrate and 
sulphuric acid. (§133.) It is convenient to call the gas HCl 
hydrogen chloride to distinguish it from the water solution of 
the gas, known as hydrochloric acid. 

The acid may also be made by the direct combination of 
hydrogen and chlorine, when the mixture is exposed to strong 
light, or an electric spark is passed through the mixture. It may 
be formed by burning a stream of hydrogen in a jar of chlorine, 
or a stream of chlorine in a jar of hydrogen. A convenient 
method of generating the gas is to allow concentrated sulphuric 
acid to drop slowly upon ammonium chloride. 

224. Composition of Hydrogen Chloride. Analysis shows 
that 1 volume of hydrogen unites with 1 volume of chlorine to 
form 2 volumes of hydrogen chloride. This may be shown by 
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,nt tube with hydrogen chloride gas with a piece of 
potassium in the bent arm of the tube. When this is 
metal will unite with the chlorine, and the volume of 
jen remaining will be found to be exactly half of the 
lume of gas taken. Hydrochloric acid may be elec- 
id the amount of chlorine will be found to be equal to 
.t of hydrogen, if the gases are not measured until 
j'ater has become saturated with chlorine. The elec- 
I small oarbon rods in rubber stoppers, instead of 
anoth^^ since ionic chlorine will attack platinum, 
purific. ptysical Properties. Hydrogen chloride is a colorless, 
it gas, having a sharp taste and smell causing suffoca- 
^ i volume of water will dissolve about 500 volumes of 
229 ^ phloride forming hydrochloric acid and the attraction 
, pe two is so great that white clouds are formed when 

^ ’f > ' exposed to moist air. By cold and pressure the gas 

a « 1 1 ^ liquid that boils at —83.7° and is solid at 

comf>«iH|^ At 0° it can be liquefied with a pressure of about 30 

i H ^ *il! density of the gas is 1.27 (air — 1). A cold 

solution of the gas has a specific gravity of 1.21 and 
ni ^ ^Minj .bout 42.4% of the dry gas by weight. If a solution of 
boiled, either water or gas is given off until 
, contains 20.24% by weight of the gas. (Compare 

^^^|)oiling of nitric acid §134.) Its usual color is yellow, 
f ^ . presence of impurities such as iron, calcium chloride, 

organic matter, etc., and is known as muriatic 
J^eacl ||| s 0 «ealled chemically pure, ^^C.P.,'' acid is the pure gas 
pure water giving a colorless liquid having a specific 
at varies from 1.19 to 1.20, according to the amount 
that is dissolved in the water. 
lQ{|!hexnical Properties. Hydrochloric acid or hydrogen 
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irns nor supports combustion and does not combine 
ith oxygen, although four compoimds, varying from 
CIO 4 , are known. Hydrochloric acid acts upon many 
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metallic elements forming the chloride of the metal by substitu- 
tion with the evolution of hydrogen. 

See list of chemical activity, §36, where the metals above 
hydrogen in the table displace hydrogen from dilute sulphuric 
and hydrochloric acids. 

With the non-metallic elements, such as phosphorus, carbon, 
sulphur, nitrogen, boron, etc., there is no reaction. With metal- 
lic oxides the action is similar to the action with metals, except 
that water is formed instead of hydrogen. An illustration of the 
action of hydrochloiic acid with metallic oxides may be seen in 
the preparation of chlorine, (§219). 

With hydroxides, hydrochloric acid reacts to form a metallic 
chloride and water. All metals that decompose water will 
decompose hydrochloric acid. The acid is monobasic, like 
nitric acid, forming only one series of chlorides. When heated 
to 1800° the acid is partly decomposed, but there is a strong 
tendency on the part of the elements to reumte. Compare 
the stabihty of hydrochloric acid with that of water, (§114). 
For the electrolysis of hydrochloric acid see §224. 

227. Uses of Hydrochloric Acid. Hydrochloric acid is used 
in large amounts as a solvent for metals, to neutralize gas liquor 
in making ammonium chloride, and as a valuable reagent in the 
laboratory. Although formed constantly during digestion, 
1/8 oz. taken internally may cause death within 24 hours. 

228. Hypochlorous Acid, HCIO, is a dark yellow liquid 
that smells like bleaching powder. It is very caustic, destroys 
the skin, and is a strong bleaching agent. Its salts are hypo- 
chlorites. Since hypochlorous acid is very little ionized it is a 
very weak acid. It is an active oxidizing agent and gives up its 
oxygen readily. It is formed when chlorine is dissolved in 
water the equation for the reaction being 

Cl2+H20-~>HCl+HC10 (solution) 

The action is reversible. The hypochlorous acid gives up its 
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oxygen readily and the ionic oxygen acts as the bleaching 
agent as when moist chlorine is used. (See §221.) 

Electrolysis is sometimes used for the purification of sewage. 
Oxygen and chlorine are liberated at the positive pole to form 
hypochlorous acid which oxidizes the organic matter and forms 
iron hypochlorite. At the negative pole potassium oxide, 
sodium oxide, ammonia, magnesium oxide, etc., are formed and 
these decompose the iron hypochlorite. Hydrated ferrous oxide 
rises to the top as a scum mixed with air. It then passes to 
another tank where the impurities settle and the degree of 
purification is increased. 

Bromine 

Symbol, Br. Atomic Weight, 79.92. Valence, 1 

229 . Occurrence. Bromine occurs chiefly as the bromide of 
potassium, sodium or magnesium and is found in connection 
with common salt. It never occurs free and is extracted from its 
compounds that are found in the mother liquors from salt works. 
It is not very abundant, the bromides in one liter of sea water 
yielding only 0.01 to 0.1 of a gram of free bromine. In the 
United States the supply comes chiefly from Michigan, with 
part coming from Ohio, West Virginia and Pennsylvania. 

230 . Preparation. Bromine may be prepared by heating a 
mixture of a bromide, manganese dioxide, and sulphuric acid in 
a glass retort after the manner of Fig. 45, but with a little water 
in the receiver. With sodium bromide the final equation will 
read 

2NaBr-)-Mn02-h2H2S04— »Na2S04 (solution) 4 * MnSO^ (solution) 
+2H20“{“Br2, (liquid) 

but the reaction is more complicated than it appears. Hydro- 
chloric acid is sometimes substituted for sulphuric acid, when 
the chlorine acts upon the bromide, setting bromine free. Free 
chlorine may be passed into a solution of a bromide and the 
chlorine will replace the bromine which is set free, thus: 

KBr-bCl-^KCl (solution) +Br (liquid) 
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231. Physical Properties. Bromine is a heavy, dark red 
liquid, the only non-metallic element that exists as a liquid at 
ordinary temperatures. Exposed to the air it gives off abundant 
red brown vapors. It boils at about 59° and is sohd at —7.3.° 
Its vapor density is 5.524 (air= 1). The specific gravity of the 
liquid is about 3.12 (water = 1), making it the heaviest liquid 
except mercury at ordinary temperatures. It is only slightly 
soluble, 1 liter of water dissolving 35 grams at 15°. It dissolves 
in carbon disulphide, chloroform, and ether. Its smeU is very 
disagreeable and it rapidly attacks the membranes, and espe- 
cially the eyes. On the flesh it produces painful sores. Below 
1000° its molecule is Br 2 , but above that temperature it is Br. 

232. Chemical Properties. The chemical properties of 
bromine are very similar to those of chlorme and it acts in the 
three ways described under chlorine. First it forms bromides 
with certain metaUic elements as aluminum, potassium, sodium, 
iron, magnesium, etc., and with certain non-metallic elements, 
as sulphur, phosphorus, etc. It does not combine directly with 
oxygen, but will unite with hydrogen forming hydrobromic 
acid, with explosive violence. Second, it forms substitution 
products with hydrocarbons as benzene, CeHe, in all degrees 
from CeHsBr to CeBre. Third, it bleaches partly by decom- 
posing the dyes, and partly by freeing oxygen fn)m water so 
that the dyes are oxidized. When bromine water stands, it 
decomposes into hydrobromic acid and oxygen, a reaction paral- 
lel with that of chlorine water. Bromine water contains about 
three parts of bromine in 100 parts of water. 

233. Uses. Bromine and its compounds are used to the 
extent of nearly a million poimds annually. It is used in pho- 
tography, in medicine, chiefly as potassium bromide, sodium 
bromide and ammonium bromide as a sedative, in the manufac- 
ture of coal tar colors and as a disinfectant. 
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Iodine 

Symbol, I. Atomic Weight, 126.92. Valence, 1. 

234. Occurrence. Iodine, meaning violet color,” occurs 
chiefly with chlorine and bromine, but is found in much smaller 
quantities than either of the other two. Only a little can be 
extracted from sea water, but it is absorbed by certain seaweeds 
and may be obtained from their ashes which contain from 0.5 to 
2% of iodine. It also occurs as sodium iodide, Nal, magnesiimi 
iodide, Mgl 2 , sodium iodate, NalOs, etc., in the deposits of 
sodium nitrate in South America, from which it is extracted by 
means of sulphur dioxide. 

235. Preparation. From Seaweed. The weeds are burned 
at a low temperature and the ashes are exhausted with water 
which will dissolve out the soluble salts. The liquid is evapo- 
rated and the other salts crystallize out, leaving the iodine as 
potassium iodide in the mother Uquor. Chlorine is then passed 
through the liquor as long as any iodine is liberated, the yield 
being 1 pound or more from 200 pounds of ashes. (Fig. 70.) 



Fig 70 Commercial Preparation of Iodine. 


In the laboratory it may be obtained from potassium iodide 
in the same way that chlorine and bromine are separated from 
their compounds by the action of manganese dioxide and 
sulphuric acid. (Fig. 71.) 

2KI+Mn02+2H2S04-> KiS 04 +MnS 04 H- 2 H 20 +It (solid) 
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The iodine passes over as a vapor and may be condensed by 
cooling, (sublimation). Other iodides may be reduced in a 
similar way. Either chlorine or bromine will set iodine free 
from its compounds. 

236. Physical Properties. 

Iodine is a blue black solid at 
ordinary temperatures occur- 
ring always in a crystallized 
condition. It has a specific 
gravity of 4,948 at 17.® It 
melts at about 115®, and boils 
at 184.® It is volatile at ordi- 
nary temperatures, and the 
vapor is violet when mixed 
with air, but intensely blue 
when pure. 

The molecule contains 2 
atoms at temperatures as high 
as 600°. Above 1500® the 
molecule contains 1 atom. At 
temperatures between 600® 
and 1500® both kinds of mole- 
cules are thought to exist. jtjq Preparation of Iodine 
This is determined by varia- 
tions in the molecular weight which decreases as the tempera- 
ture is raised. 

Iodine has a strong taste and a sickening odor. It is only 
slightly soluble in water, 1 part dissolving in 6000 of water, but 
it is freely soluble in alcohol, carbon disulphide, ether, benzene, 
chloroform and a solution of potassium iodide. Its vapor 
density is 8.716, (air=l) and a liter of the gas weighs 11.32 
grams. 

237. Chemical Properties. Iodine acts upon the membranes 
less violently than chlorine or bromine. It colors the skin 
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yellow'brown, but the color may be removed by potassium 
iodide solution, or other solvents for iodine. It acts in a manner 
resembling chlorine and bromine, but less violently. It com- 
bines directly with several elements as iron, mercury, phos- 
phorus, sulphur, hydrogen, etc. It is not as good as the other 
members of the group for bleaching, nor does it form strong 
substitution products. Phosphorus ignites spontaneously 
when brought in contact with iodine, forming some phosphorus 
triiodide and red phosphorus, while abundant vapors of phos- 
phorus pentoxide and iodine are given off. In contact with 
starch a blue color ranging to almost black appears, and serves 
as a test both for starch and for iodine. Of all the members of 
this group iodine has the strongest affinity for oxygen and the 
weakest for hydrogen. Iodine reacts with silver leaf, brass, 
copper leaf, aluminum leaf, tin, zinc, cadmium, magnesium and 
calcium without the application of heat. 

238. Uses. Compared with bromine, iodine is used about 
twice as extensively. It and its compounds ffiid some use in 
photography, to a certain extent in making anihne dyes from 
coal tar, and in medicine, where it is used to reduce swellings 
and in throat affections. Tincture of iodine is made by dissolv- 
ing (by grinding in a mortar) 7 grams of iodine and 5 grams of 
potassium iodide with sufficient alcohol to make 100 cc. It is 
used as a disinfectant in cuts and abrasions. So-called colorless 
iodine contains no free iodine and does not have the same prop- 
erties as the tincture. One analysis showed it to be a solution 
of ammonium iodide, about 4.6%; ammonium sulphite, 2.1%; 
ammonium hydroxide, 0.95%; sodium iodide, 5%; sodium 
thiosulphate, 1.6%; sodium sulphate, 15%; in alcohol of 90% 
strength. Sodium iodide, potassium iodide or ammonium iodide 
either alone or mixed are probably fully as efficient as this odd 
combination. 
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239, Comparison of the Halogen Group. 


Occurrence^ etc 


1 

Element 

1 

Source 

Exists 

Disco v-l 
ered i 

Uses 

1 Common 

1 compounds 

Fluorine 

CaF2 

Combined 

! 1S86 

etching 

CaFs, KF 

Chiorme 

NaCl 

Combmed 

‘ 1774 

bleach 

NaCl, KCl, 





disinfectant 

MgCL 

Bromine 

NaBr 

Combmed 

1826 

as chiorme 

bromides of K, 


KBr 



medicine, etc. 

Ag, Na, Mg 

Iodine 

Nal 

Combined 

! 1811 

medicine, etc. 

iodides of K, 


1 KI 


1 


Na, Hg, Pb 


Physical Properties 


Element 

At. 

Wgt 

State 

1 Liqmd 

1 Solid 

Color 

Odor 

Vapor 

den- 

sity 

Fluorine 

19 

gas 

-187° 

-223° 

greemsh 

very 

1 5 







irritating 


Chlorine 

35 46 

gas 

-34° 

-102° 

greenish 

irritatiQg 

2 491 






yellow 

choking 


Bromine 

79 92 

liquid 

ordinary 

-7.3° 

red brown 

irritating 

5 393 




tempera- 



vile 





tures 

at 

blue 



Iodine 

126 92 

solid 

to gas 1 

ord. t 

black 

sickening 

8 716 


Element 

Density 
of liquid 
to water 

1 

Soluble 
in vols. 
of H 2 O 

Weight 
11. of 
gas 

Boils 

Heat of 
forma- 
tion 

Val- 

ence 

Fluorine 

1.14 

decomposes 

1 7 g. 

-187° 

37 cal. 

1 

Chlorine 

1.15 

Yz at 

3,1674 g. 

-33.6° 

22 cal 

1 

Bromine 

3 12 

33 

3.547 g. 

63° 

8 . 4 cal 

1 

Iodine 

4.948 

6000 

11.32 g. 

175° -250° 

—6.4 cal 

1 
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Chemwal Properties 


Element 

Bleach 

Chem. 

affinity 

Affinity 
for 0 

For H 

Form insoluble 
salts with 

Fluorine 

i 

not used 

i 

1 

4 

explodes 
in dark 

Pb, Hg,Cu,Cd, Fe 
Zn, Co, Ni, Ba, Sr, 
Ca, Mg, 

Chlorme 

good 

2 1 

3 

explodes 
in sunlight 

Ag, Pb, Hg, Bi, Sb 

Bromme 

fair 

3 

2 

in flame 

same as Cl 

lodme 

feeble 

4 

1 

high temp. 

Ag, Pb, Hg, Bi, Sb 


Element 

As a supporter of combustion 

Oxygen acids 

Fluorine 

nearly all metals, hydrogen, compounds, 
cork, S, Se, Te, P, As, B, Si 

none 

Chlorme 

As, Sb, P, etc. 

4 

Bromine 

Sb, K, etc 

3 

Iodine 

P 

2 


240. Problems. 

1. How much hydrofluoric acid may be formed from 10 grams of 
calcium jOluoride by the action of sulphuric acid^ (§215) 

2. How many grams of each of the three products are formed when 
hydrochloric acid reacts with 50 grams of manganese dioxide? 

4HCl+Mn02"*>MnCL+2HoO-f-Cl2 

3. How much sodium chloride and how much sulphuric acid are re- 
quired to produce 100 grams of hydrochloric acid according to the equation 

NaCl+H2S04“>NaHS04-bHCl^ 

4. How much chlorme is required to replace all the bromine in five 
grams of potassium bromide in solution^ 

KBr-hCl~>KCl+Br 

5. Write the quantitative equation for the formation of iodine from 
potassium iodide, manganese dioxide and sulphuric acid. 

Union by Volume 

It has been found that when one volume of chlorme unites with one 
volume of hydrogen, two volumes of hydrogen chloride are formed. In the 
same way two volumes of hydrogen unite with one volume of oxygen to 
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form two voliimes of steam, and three volumes of hydrogen unite with one 
of nitrogen to form two of ammonia. This combmation is called the two- 
volume combmation, and is very closely connected with the law of the 
volume and mass of gases giving the same results when worked out m grams 

1 How many liters of nitrogen and how many liters of hydrogen will 
be produced by the complete decomposition of 47 grams of ammoma? 

2 How many liters of oxygen in 44 liters of carbon dioxide? 

3. How many hters of oxygen and how many of hydrogen in 24 liters 
of steam‘d 

4. How many liters of chlorine and how many of hydrogen in 18 
liters of HCl? 

5. How many liters of air (O =21%) are required to burn the acety- 
lene, produced from 10 grams of calcium carbide and how many liters 
of carbon dioxide are formed? 

CaC 2 *f HaO^CaO-f C2H2 T 

CsHj-f 50-->2C02T “UHsO 



CHAPTER XII 


CARBON AND ITS COMPOUNDS 

Cabbon, Symbol, C. Atomic Weight, 12-005. Valence 4. 

241. Introduction. The number of carbon compounds is 
so great that adequate treatment of the subject demands 
several separate volumes, but there are a few compounds that 
should be studied by the beginner. Some of these will be de- 
scribed in this chapter and the others in several of the later 
chapters. No systematic treatment of the carbon compounds 
will be attempted since that belongs to advanced work. More 
than 200,000 carbon compounds are known and more are being 
discovered every year. 

242. Occurrence of Carbon. Carbon occurs both free and 
combined. All animal and vegetable substances are rich in 
carbon, such as starch, sugar, oils, fats, protein, etc. It also 
occurs in enormous quantities in the carbonates, of which cal- 
cium carbonate, CaCOs, found in Kmestone, chalk and marble 
is the most abundant. It is given off as carbon dioxide during 
the process of breathing, and is formed when carbonaceous 
matter is burned in a plentiful supply of air, while carbon 
monoxide is formed if the air supply is limited. Pure carbon is 
found in the crystallized state as the diamond, and some 
graphite; or as amorphous carbon, including all other varieties 
and much of the graphite. 

243. The Diamond is found chiefly in South Africa, India, 
Borneo, and Brazil and occasionally in the United States. It 
occurs in the crystalline form, often with curved surfaces and 
occurs as octahedra and as polyhedra of 24 or 48 faces. (Fig. 
72.) It must be out and polished before it gives evidence of its 
brilliancy. (Fig. 73.) 
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244. Physical Properties. Diamond is the hardest sub- 
stance known, and refracts light strongly when properly cut. 
The index of refraction is 2.5, while the index for flint glass is 
1.6, for crown glass is 1.5, for water 1.33. It is insoluble in all 



Fig. 72. Diamonds. 



BRILLIANT- CUT R 06 C-CUT 

Fig 73. Cut Diamonds. 

known liquids at ordinary temperatures, but is soluble in molten 
cast iron. Its specific gravity is 3.51 to 3.55. The colorless 
varieties are the most highly prized, but it occurs also in blue, 
yellow, brown or black, the latter being used to polish 
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Other diamonds, since they must be polished in their own dust, 
or they are used for drill points. (Fig. 74.) 

246. Chemical Properties. When heated without air the 
diamond swells and turns black, without 
loss of weight, resembling coke. Heated 
with air to 700°, it forms carbon dioxide, 
the amount of the gas being the same as it 
would be if any other kind of carbon of the 
same mass were burned. Artificial dia- 
monds of microscopic size have been made 
by melting carbon in cast iron in an elec- 
tric furnace heated to about 3000° and 
plxmging the mass into water which chills 
the outside causing it to contract. This 
exerts enormous pressure upon the interior 
of the mass and small diamonds crystal- 
lize out. (Fig. 75.) Most of the product 
is graphite. In another process pulverized carbon is heated in 
hydrogen on a spiral of iron wire in the electric arc under a 
pressure of 3100 atmospheres. 



Fig. 74. Diamond 
Mounted for 
Cutting. 



Fig. 75. Artificial Diamonds. 


The legal carat in the United States weighs 200 mnii grams. 
The we^ht before 1913 was 205 railUgrams. 

246. Graphite, known also as plumbago or black lead, 
occurs in large quantities in Siberia, Ceylon, Brazil, etc. It is 
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often crystalline but is usually amorphous. It is produced 
artificially in making artificial diamonds and is made in large 
quantities at Niagara Falls as a commercial product. Acheson’s 
process passes a heavy current for several hours through a mix- 
ture of 3 to 33^ tons of coke, pitch and a little sand or ferric 
oxide. 

247. Properties. Graphite is a gray black or steel gray 
solid, having a metallic luster and feehng soft to the touch. It 
leaves a black mark when drawn over paper and is used for 
making “lead’^ pencils consisting of a mixture of graphite and 
clay. It is insoluble in all liquids, is a good conductor of the 
electric current and has a specific gravity of 2.3 to 2.7. Heated 
without air, graphite does not change. Heated in abundant 
air, it burns to carbon dioxide. Graphite contains a small 
percentage of impurities since about 0.4% of ash is obtained 
when it is burned. 

248. Uses. Graphite is used for making pencils, crucibles, 
stove pohsh, as a lubricant when mixed with such a substance 
as vasehne, etc. It is also used for electrodes in many electro- 
lytic operations, particularly where chlorine is evolved. See 
extraction of aluminum, §440, and production of sodium hy- 
droxide, §374. 

Amorphous Carbon 

249. Charcoal. Charcoal consists of charred wood, bones, 
blood, etc. It is formed from wood when the wood is burned 
without excess of air. The wood was formerly piled in heaps, 
covered with earth and lighted. After burning for a considerable 
time the fires were extinguished, and the wood was found to be 
charcoal. (Fig. 76.) Various gases and liquids given off in the 
process were allowed to go to waste. This included wood 
(methyl) alcohol, acetic acid, acetone, etc., which were not con- 
sidered worth saving. Now there are large plants for the manu- 
facture of methyl alcohol and acetic acid, and the charcoal, once 
considered the principal product, is called a by-product. The 
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distillation is carried on in special retorts so arranged that all 
the gases and liquids are saved. In either method the charcoal 
is not burned, because there is no oxygen present with which it 
can combine. The charcoal will weigh about 15 to 25% of the 
original weight of the wood, but it retains the same shape. 
Charcoal is an impure carbon and always contains some incom- 
bustible substances that are found in the ashes when it is burned. 



Fig. 76. Old Method of Making Charcoal. 

260. Physical Properties. Charcoal is a black, lustrous, 
rather soft solid. It is insoluble in liquids, but dissolves in 
molten iron, forming graphite. It absorbs gases from the air 
or from water, the amount depending both upon the nature 
of the absorbed gas and upon the porosity of the charcoal used, 
some varieties absorbing twice as much gas as others. Hence its 



CARBON AND ITS COMPOUJNDS 


195 


use in filters. Its specific gravity is not over 1.57, which causes it 
to sink in water if powdered, but its porosity causes it to float 
when it is not powdered. 

251. Chemical Properties. Heated without air charcoal 
does not change. Heated in air, it forms carbon dioxide or 
carbon monoxide, according to the amount of oxygen present. 
It does not decay as rapidly as wood, because there is less variety 
of materials to decay. Hence fence posts, piles, etc., are often 
charred, which causes them to last for many years. 

262. Bone Black or Animal Charcoal is formed from charred 
bones. It is very fine, since the animal matter is only about 
one-third of the bone, and is distributed throughout the bony 
material. The rest of the bone is chiefly calcium phosphate. 
Bone charcoal must be purified by hydrochloric acid and by 
washing with water. Like wood charcoal, it is porous and will 
absorb gases and remove odors from liquids. It is used in the 
whitening of sugar, since it destroys many vegetable colors. 
Bone black as made usually contains about 90% of calcium 
phosphate. 

263. Lamp Black or Soot is formed when a cold object is 
depressed in the flame of burning oil, tallow, resins, etc., or when 
the supply of air is partially cut off, otherwise the substance 
burns to carbon dioxide' and water. It consists of fine carbon 
mixed with some of the unchanged oil. It is used in printer’s 
ink and cannot be easily destroyed. 

254. Coke is formed when coal is distilled without air. It 
has the same relation to coal that charcoal has to wood. Part of 
the product when coal is distilled is a very hard carbon known 
as gas carbon, which conducts electricity like a metal, and is 
used in batteries and as carbon pencils in arc lamps. 

268. Coal. There are many varieties of coal, the bes t known 
varieties in the United States being the anthracite, or hard coal, 
and the bituminous, or soft coal. Lignite and peat are not true 
coals but resemble coal in many ways and are used extensively 
as fuels. Chapter S3.) They are all formed from the decay 
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of vegetable matter under pressure, with a limited supply of 
air. Peat is formed in the earliest stages, while lignite is more 
closely allied to wood. It has more varieties of impurities than 
bituminous coal. Bituminous coal is a brilliant black variety, 
containing 75 to 88% of carbon and the rest is earthy or bitumi- 
nous matter. It is particularly rich in gases and volatile liquids, 
and is used for making iUuminating gas by the older process, 
giving as by-products, coke, coal tar, ammonia, etc. (Fig. 77.) 



Fig. 77, Coal Mining. 

Anthracite, or hard coal, contains 90 to 92% of carbon and the 
rest is earthy matter. It is more compact than the other 
varieties and requires greater pressure for its formation. 

256. Allotropism. These various forms of carbon illustrate 
allotropism which has been spoken of under oxygen and will 
be met with in a few other cases, as in the study of sulphur, 
phosphorus, etc. 

257. General Properties of Carbon. AU forms of carbon 
have the same general physical and chemical properties. All 
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forms burn to carbon dioxide if enough oxygen is present during 
the combustion; otherwise carbon monoxide is formed. At the 
high temperature of the electric furnace, carbon combines with 
calcium, forming calcium carbide, CaC 2 , with silicon, forming 
silicon carbide, SiC, called carborundum. Under proper condi- 
tions it combines with hydrogen, sulphur, etc. Carbon is used 
extensively as a reducing agent, and will reduce every known 
oxide if the temperature is sufficiently high. 

2CuO +C 2 CU+CO 2 1 

2AS2034-3C 4AS+3C02 T 

Carbon Monoxide, CO 

268. Preparation. Carbon monoxide may be prepared in 
several ways. The reduction of zinc oxide with carbon will give 
it thus: 

ZnO-fC-^CO T -PZn 

It is formed when oxalic acid is heated with several times its 
weight of sulphuric acid. The oxalic acid breaks up thus: 

H 2 C 204 ->H 20 +C 02 t -f-co T 

The water is absorbed by the sulphuric acid. The carbon dioxide 
may be removed by passing the mixed gases through a solution 
of sodium or potassium hydroxide and the carbon monoxide is 
collected over water. It is formed when carbon dioxide is 
passed over incandescent carbon and thus is always formed at 
the central part of a coal fire. At the bottom of the grate the 
carbon burns to carbon dioxide ; as this passes upward it combines 
with more carbon and burns at the top of the grate as carbon 
monoxide, forming carbon dioxide as the final product. Carbon 
monoxide is formed when steam is passed over incandescent 
carbon, 

C-i-HsO-^COt +H2 t 

the resulting mixture of the monoxide and hydrogen being the 
chief ingredients of water gas. (See Chapter 33.) 



198 


CHEMISTRY IN EVERYDAY LIFE 


269. Physical Properties. Carbon monoxide is a colorless, 
odorless, tasteless gas, ahnost insoluble in water, of which 100 
volumes dissolve only 2 volumes of the gas. It is soluble in a 
solution of cuprous chloride in hydrochloric acid. It is slightly 
lighter than air. At a low temperature and with great pressure 
the gas may be condensed to a liquid that boils at — 190° and 
becomes a white solid at ~ 199°. 

260. Chemical Properties. Carbon monoxide is neutral 
to indicators and has no effect on lime water, which distin- 
guishes it from carbon dioxide. It burns with a pale blue flame 
to carbon dioxide, but does not support combustion. It is very 
poisonous, as little as 0.1% causing death by changing the red 
corpuscles of the blood, forming a stable compound and pre- 
venting the absorption of oxygen. The combustion of gasoline 
in a gasoline engine produces carbon monoxide and in a closed 
garage the air near the exhaust becomes dangerous in 10 to 15 
minutes and in the farthest parts of the room in 20 to 30 minutes. 
The collapse usually comes without warning and is almost 
invariably fatal unless aid comes very quickly since more carbon 
monoxide will be formed as long as the engine runs. The exhaust 
from a gasoline engine should never be discharged into a 
closed room. 

Carbon monoxide in the air may be detected by palladium 
chloride test paper. A 10% solution of palladium chloride is 
used to moisten filter paper which is then dried in the dark. The 
end of the strip is then moistened and exposed to the aii\ If 
carbon monoxide is present the moistened portion becomes gray, 
brown, or black in 5 or 6 minutes. One part in 3,000 gives a 
gray color. If hydrogen sulphide is present at the same time the 
air should be passed through a solution of lead acetate before 
entering the vessel containing the palladium chloride. 

Experiments carried out for solving the general problem of 
ventilating in the New York— New Jersey Vehicle Tunnel to 
determine first, the amount and composition of exhaust gases 
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from motor vehicles, second, to determine the dilution necessary 
to render these gases harmless; and third, the rate of air flow, 
etc., show that 4 parts of carbon monoxide in 10,000 has been 
found to be the danger limit. 

Two volumes of carbon monoxide mixed with 1 volume of 
oxygen unite to form 2 volumes of carbon dioxide. It is decom- 
posed at high temperatures to carbon and oxygen. In the 
sunlight it unites with an equal volume of chlorine, forming 
carbonyl chloride, COCb a liquid that combines with water, 
forming carbon dioxide and hydrochloric acid. 

COCb+HiO CO 2 1 +2HC1 T 

With both chlorine and oxygen, carbon monoxide acts as a biva- 
lent radical and is known as carbonyl. It combines with certain 
metals, as with nickel, forming nickel carbonyl, Ni(CO)4- 

Caebon Dioxide, CO 2 

261. Occurrence. Carbon dioxide has been known as 
‘^fixed air,^' ^'chalk acid,^^ etc., and is now popularly called 
‘'carbonic acid,” or "carbonic acid gas.” It occurs in the atmos- 
phere to the extent of about 3 or 4 parts in 10,000. It is given 
off by the lungs in breathing, is a product of putrefaction, fer- 
mentation and combustion; occurs free in the gases of volcanoes, 
and combined with calcium oxide as calcium carbonate, CaCOs, 
as limestone, marble, chalk, etc. Under the influence of sunlight, 
the chlorophyll of plants decomposes carbon dioxide, absorbing 
the carbon and setting the oxygen free, thus overcoming any 
tendency to large accumulations in any locality. It exists in 
certain caves, and collects in the galleries of mines when "fire 
damp,” or methane, CH4, explodes. 

CH4“h202— ^COa t -i-2H20 (condenses to liquid) 

262. Preparation. Carbon dioxide is usually prepared in 
the laboratory by the action of hydrochloric acid on pieces of 



200 


CHEMISTRY IN EVERYDAY LIFE 


marble, CaCOa, or other carbonates, and is collected by dry 
downward displacement. 

CaC03+2HCl-^C02 1 +H20-|-CaCl2 
NaHCOs+HCsHaOs-^COo t d-HsO+NaCsHsO^ 

It may be formed by burning carbon monoxide, or carbon, m 
air, but is diluted with nitrogen. 

As shown in §261, it is produced by the burning of methane, 
and, by the miners, is called '^choke-damp, or 'Hblack-damp.^^ 
Either CO+0 or C+O 2 will give carbon dioxide, the volume of 
the gas being equal to the amount of oxygen used, showing that 
the formula of the gas is CO 2 . 

263. Physical Properties. Carbon dioxide is a colorless gas 
with a feeble odor. Its specific gravity is 1.529 (air= 1). One 
liter of the gas weighs 1.977 grams. It may be liquefied at 0° 
with 36 atmospheres pressm'e, or at 20° and 60 atmospheres 
pressure, forming a colorless liquid that boils at —78°. In a 
liquid condition it is sold in strong steel cylinders. 

Liquid Carbon Dioxide was first introduced in 1885 by a New 
York firm. Liquefied carbon dioxide is usually sold in steel 
cylinders, 4 feet long, having an outside diameter of 5}/2 inches, 
and weighing when empty 60 to 65 pounds. The bursting pres- 
sure of the cylinders varies from 4900 to 5900 pounds per square 
inch. They are tested to 3700 pounds before filling. The pres- 
sure, even at 130° F. is only 2240 pounds per square inch, so that 
there is little danger from bursting. These cylinders hold 20 
pounds of the liquid. A larger cylinder is sometimes used, 51 
inches long and 8 inches in diameter, and holds 60 pounds of 
liquid carbon dioxide. 

When the cylinder is inclined so that the liquid may run out 
and the escaping liquid is allowed to flow into a heavy cloth bag 
the liquid vaporizes so rapidly that part of the liquid is solidified 
because the heat in the liquid is used to turn more of the liquid 
to the gaseous condition. If the solid is mixed with ether, a 
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temperature of about —80^ is produced, which is sufficiently 
low to enable one to perform many interesting experiments. 

One volume of water dissolves 1 volume of carbon dioxide 
under normal pressure at 15°, and the amount of the gas that 
may be dissolved varies directly with the pressure. When the 
pressure is removed the gas bubbles through the water and is 
the cause of the froth on such effervescing drinks as soda water, 
ginger ale, root beer, etc. 

264. Chemical Properties. Carbon dioxide does not burn 
because it 'cannot combine with any more oxygen. It does not 
support ordinary combustion and will support combustion only 
when the temperature of the burning body is high enough to 
decompose the gas into free carbon and oxygen. It is a very 
stable gas, only 7^% being dissociated at 2000°. 

Such substances as burning potassium, sodium, or magnesium 
will burn in carbon dioxide, 

2 Mg+CO>->2MgO+C 

but most substances are extinguished, 

15% of carbon dioxide in the atmosphere 
being sufficient to extinguish a burning 
candle, while slightly more suffocates a 
person. Carbon dioxide is used as a fire 
extinguisher the gas being furnished by 
the action of sulphuric acid upon a solu- 
tion of sodium bicarbonate, the substances 
being mixed when the container is in- 
verted, (Fig. 78. See also §262.) 

If calcium hydroxide, Ca(OH) 2 , is 
mixed with water part of the solid dis- 
solves forming lime water. If carbon 
dioxide is run into lime water, a white 
precipitate of calcium carbonate, CaCOa, 
appears in the liquid. A similar result pj-Q 7g, 4^ Chemical 
is seen when baryta water (barium hy- Fire Extmgmsher. 
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droxidc; Ba (OH) 2, in water) is used. This serves, therefore, 
as a test for carbon dioxide and hence, carbonates if the gas is 
formed by the action of an acid on what is taken to be a carbon- 
ate. Water charged with carbon dioxide will dissolve the other- 
wise insoluble calcium carbonate, since it changes it to the 
soluble acid carbonate, Ca (HC03)2 

CaCO3+H2O+CO2-^Ca(HCO.02 

If the gas is driven off by heat or by other methods, insoluble 
calcium carbonate is precipitated. Thus temporarily hard water 
may be softened by boiling. A further illustration is seen when 
water charged with carbon dioxide flows over limestone. The 
rock is dissolved and if the water has access to a cave the gas 
escapes and the calcium carbonate is deposited, either as 
stalactites from the roof, or as stalagmites from the floor. Car- 
bon dioxide is more soluble in alcohol than it is in water. It is 
not easily reduced by heat alone nor by hydrogen, but may be 
reduced by carbon to carbon monoxide. It does not support 
respiration, but is not poisonous. 

The action of baking powder depends upon the formation of 
carbon dioxide, since the substances composing the powder, as 
potassium acid tartrate (cream of tartar) and sodium acid car- 
bonate (baking soda), produce carbon dioxide when mixed and 
moistened. (See § 373 .) 

266 . Carbonic Acid, H2CO3, is not known except in solution, 
and is formed when carbon dioxide is dissolved in water. It 
is very little ionized and therefore exhibits only feeble acid 
properties. It is a dibasic acid, and its salts are both normal, 
as sodium carbonate, Na2C03, and acid as sodium bicarbonate, 
NaHCOs, also called sodium acid carbonate. Both of these 
salts have an alkaline reaction because they are formed by the 
action of a strong base, NaOH, with the weak carbonic acid. 
Many other carbonates are known. 
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Carbon Disulphide, CSa 

266. Preparation. Carbon disulphide may be prepared by 
passing sulphur vapor over incandescent carbon; or charcoal 
and sulphur are heated in cast iron vessels and the distillate 
is collected in a cooled receiver. (See Fig. 79.) 



267. Physical Properties. Carbon disulphide is a colorless, 
mobile, highly refracting liquid. Its odor is strong and unpleas- 
ant unless chemically pure. Its specific gravity is 1.271 at 
15°. It boils at 46.2°. 
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268. Chemical Properties, Carbon disulphide burns with a 
blue flame to carbon dioxide and sulphur dioxide. It is very 
inflammable, and flames should never be brought near the liquid. 
Mixed with oxygen it explodes when heated. A few drops in a 
jar of nitrogen dioxide will produce an exceedingly^ brilliant 
flame. 

269. Uses. Carbon disulphide is used for vulcanizing rub- 
ber and as a solvent for rubber, fats, oils, phosphorus, sulphur, 
iodine, etc. It is also used for destroying prairie dogs, ants, 
mice and other pests. 

270. Hydrocarbons and Their Derivatives. A hydrocarbon 
is a compound containing hydrogen and carbon, and of these 
compounds there are about 200 varieties which differ from each 
other in composition and properties. When we take into 
account the exceedingly large number of the compounds of 
carbon we must try to account for the reasons. It is generally 
explained by the following facts: (1) Different atoms of carbon 
can unite with each other, (2) Other atoms of entirely different 
elements can be introduced into the compounds either by addi- 
tion or substitution. (3) The same atoms may have a different 
arrangement thus producing isomeric compounds which have 
different properties. (4) Carbon compounds may contain 
radicals in place of atoms. The first reason will be found to 
apply in the case of the simple hydrocarbons, while the dthers 
will be brought out more prominently in the derivatives. 

271. Classification of Hydrocarbons. For convenience the 
hydrocarbons are divided into several series according to the 
relation that exists between the number of carbon and hydrogen 
atoms in the compound. The first of these series is known as the 

Marsh-gas series^ ^ because marsh-gas or methane is the first 
member and contains the smallest number of both carbon and 
hydrogen atoms. It is also to be noticed that the valence of the 
carbon is fully satisfied by the hydrogen atoms alone. The 
general formula for the members of the senes IS written CnH 2 n-j .2 
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where n stands for the number of carbon atoms. This may be 
seen by comparing the formulas of a few of the members of the 
series. 

Methane, CH4 Hexane, CeHu 

Ethane, C2H6 Heptane, C7H16 

Propane, CsHs Octane, CsHis 

Butane, C4H10 Nonane, C9H20 

Pentane, CsHi^ Decane, C10H22, etc 

The names of the compounds are taken from the Greek 
numerals and up to C24H50 occur in regular order, after which 
they are irregular as high as C60H122, then none are known until 
Ci 2 oH 242 is reached. Of these the ones having less than 5 atoms 
of carbon are gases; those containing from 5 to 15 atoms of 
carbon are liquids, and all of the others are solids. 

272, Homology. In studying the formulas given above it 
will be noticed that the increase in complexity is regular, each 
higher member having 1 carbon and 2 hydrogen atoms more 
than the member just below it. It is not, however, the simple 
addition of CH2 to the molecule that makes the change, but 
rather the removal of one atom of hydrogen and the substitution 
of the radical CH3 for this atom. This group is commonly 
called the methyl radical. A study of the structural formulas 
of some of the compounds will show how the atoms are thought 
to be arranged and how the radical is substituted for the atom. 
In all cases the valence of the carbon is taken as 4, while the 
valence of hydrogen is 1, the same as in the inorganic com- 


pounds. 



Methane 

Ethane 

Propane 

H 

1 

H H 

1 1 

H H H 

1 1 1 

1 

H-C-H 

1 

1 1 

h-c-c-h 

i 1 

1 1 1 

H-C-C-C-h 

1 1 1 

1 

H 

1 1 

H H 

i 1 1 

H H H 


From the above it appears, and the theory is generally 
accepted that the carbon atoms have the power of uniting with 
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themselves. It is also evident that the methyl radical, CH 3 , 
can be substituted for an atom of hydrogen. This relation 
between the different members of a series is known as homology 
and the compounds are called homologous compounds. In 
writing the structural formulas of the organic compounds, i.e., 
in trying to show the arrangements of the atoms in the molecule, 
the written formula must be in one plane. It is believed, how- 
ever, that the atoms in an organic molecule are usually in two 
or more planes, (bee Fig. 51.) 

273. Methane, CH4, often called marsh-gas or ^^fire-damp,^^ 
will rise to the surface of stagnant pools when a stick is thrust 
into the ooze at the bottom of the pool. It is the product of 
vegetable decay and is found in abundance m mines, where it 
forms explosive mixtures with air. The mixture must contain 
from 3 to 85% of methane to be explosive. The products of the 
explosion are water and carbon dioxide. The explosive gases 
in mines are chiefly methane and carbon monoxide. The latter 
gas is called ^Vhite-damp” by the miners, and is not found as 
frequently as the dioxide, known as ^'black-damp” or '^choke- 
damp.” The most deadly gases responsible for more deaths 
than the explosions, are known as "after-damp,” causing 
suffocation. That the after-damp contains an abundance of 
carbon dioxide may be seen from the fact that carbon dioxide is 
formed when both methane and carbon monoxide are burned. 
Methane is colorless, odorless, and slightly soluble in water, 
but is not acted upon readily by chemical reagents, though 
chlorine will gradually replace the hydrogen in diffused daylight. 
The gas may be made artificially by heating in a test-tube a 
mixture consisting of 2 parts of anhydrous sodium acetate with 
3 to 4 parts of sodium or potassium hydroxide and 4 to 8 parts 
of quicklime or slaked lime and collecting the evolved gas over 
water. The reaction occurs between the sodium acetate and the 
hydroxide while the lime prevents the action of the hydroxide 
upon the glass. 

NaCaHsOs+NaOH ^ CH4 T -hNaaCOs 
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It may be formed by the action of water upon alumimun carbide, 
Al4C3+12H20->3CH4 T -f AI(0H)3 

or when hydrogen is passed over carbon and pulverized nickel, 
which acts as a catalytic agent. Its specific gravity is 0.5576 
(air = 1). One liter of the gas weighs 0.716 gram. 

Methane is the lightest compound gas known. It boils at 
— 152® and solidifies at —186®. Its kindhng temperature is 
670®, upon which depends the efficiency of the Davy safety 
lamp. (See §48.) 

274. Ethane, C2H6. This gas issues from the ground near 
some of the gas wells in oil regions. It may be reduced to a 
liquid that boils at —90®, Its specific gravity is 1.0494. One 
liter of the gas weighs 1,3567 grams. Its general properties 
resemble those of methane, but its flame is more luminous. 
It may be made in a number of ways. (1) By the electrolysis of 
acetic acid when the acetic radical at the positive pole breaks 
down into CH3 and CO2, after which 2 methyl radicals, CH3, 
unite to form 1 molecule of ethane. (2) By dropping water 
cautiously upon cooled zinc ethyl. 

(CgBsh Zn+2H20-^2aH6 T +Zn(OH)2 


Various other methods may be used. The union of 2 methyl 
radicals is called a synthesis. 

276. The Olefine Series. Another homologous series of 
hydrocarbons having the general formula, CnH2,a,is known as 
the olefine series, which theoretically should start with methy- 
lene, CHa, but no such compound is laiown and the lowest 
known member is ethylene, C2H4, often called ethene or ole- 
fiant gas. Ethylene and its homologues form what is known as 
unsaturated compounds, because of their conduct towards 
halogens and halogen acids. When heated, ethylene combines 
with hydrogen to form ethane, but when heated alone, breaks 
up into various hydrocarbons. It combines directly with 
chlorine, bromine or iodine without loss of hydrogen, which 
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shows that the valence of the carbon is in part unsatisfied or 
that the compound is unsaturated. The evidence for the struc- 
tural formula of ethylene is largely in favor of 

H H 

I I 

H-C=C-H 

The difference between the consecutive members of the series, 
CH 2 , is the same as for the marsh-gas series, and the names of the 
members of the series follow in the same way, such as propylene, 
CsHe, butylene, C 4 H 8 , etc. The members of the series act as 
bivalent radicals, as might be assumed from a comparison with 
the marsh-gas series and the radicals derived from them 


Can combine with 2 atoms 
Ethylene, C2H4 
Propylene, CgHe 
Butylene, C4H8 
Amylene, C5H10 
(Pentene) 


Can combine with 1 atom 
Ethyl, C2H5 
Propyl, CjHt 
B utyl, C4H9 
Amyl, C«>Hu 


Is saturated 
Ethane, C2H6 
Propane, CaHs 
Butane, C4H10 
Pentane, CsHi.. 
etc. 


276. Ethylene, the only member of the series that we shall 
notice, is usually prepared by mixing ethyl alcohol with 1 % 
times its volume of concentrated sulphuric acid and heating 
the mixture to about 175°. Ethyl sulphuric acid is first formed 
and this is decomposed into ethylene and sulphuric acid. 


C2H60H-{-H2S04-> C2H5HSO4+H2O 
C2H5HSO4 C2H4 T +H2SO4 


The gas is impure since ether is formed at lower temperatures 
and is mixed with the evolved gas. The pure gas may be pre- 
pared by warming an alcoholic solution of ethylene bromide with 
granulated zinc. 

» C2H4 1 -HZnBr2 

Other members of the series may be made in similar ways. The 
gas is colorless and has a sweetish odor. Its kindling tempera- 
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ture is 580 ®. It combines directly with chlorine or bromine 
yielding ethylene chloride, C2H4CI2, or ethylene bromide, 
C2H4Br2, colorless oils of pleasant odor. The absorption takes 
place at the double bond in the following manner; 

H H H H 

II I ! 

H-C=C-H + Br, H-C-C-H 

I I 

Br Br 

Ethylene can also be made to absorb hydrogen. The product 
is ethane, 

H H H H 

1 I 11 

H-C-C-H 4- H 2 H-C C-H 

I ! 

H H 

277 . The Acetylene Series. In the acetylene series the 
general formula is CnH2a-2* The lowest and best known member 
of the series is acetylene, C2H2, or H—C^C—H. The usual 
method of making the gas is from calcium carbide. 

When calcium oxide or calcium carbonate is heated with 
carbon in an electrical furnace, calcium carbide, CaC2, is formed 
and this will react with water to form acetylene. 

CaO-f“3C — > CO t CaCs, or 

CaC 03 + 4 C CaC2+3CO t 

CaC2 4-2H20 Ca(OH)24-C2Ho | 

If the gas is passed into a solution of copper chloride in ammo- 
nium hydroxide, copper carbide, CU2C2, is formed and from this 
acetylene may be obtained by the action of dilute hydrochloric 
acid or potassium cyanide. Pure acetylene has an odor resemb- 
ling garlic. It burns with a very luminous flame nearly white, 
and is not smoky if burned in a special burner. If burned in an 
ordinary burner the flame is very smoky. With 2}4 times its 
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volume of oxygen, acetylene forms a very explosive mixture. 
Acetylene has a specific gravitv of 0.92 (air=l). One liter of 
the gas weighs 1 162 grains. 

278. The Benzene Series. This series has the general 
formula, CnH 2 n-f., and the simplest member is benzene, (or 
benzol) CeHe, which is derived from coal tar. It is a colorless, 
strongly refracting liquid. At 0® it solidifies, the drystals melting 
again at 5.6°. It boils at 80.2°. It is insoluble in water, but will 
dissolve in alcohol and ether. When burned, the flame is bright 
and smoky. Benzene forms both addition and substitution 
compounds, an example of the former being hexachlorbenzene, 
CcHeCle, or hexabrombenzene, CcHeBre, while monochlor- 
benzene, CeHsCl, and monobrombenzene, CeHsBr, are ex- 
amples of substitution com- 
pounds. Other substitution 
products will be spoken of 
in later sections. Much has 
been written on the theory 
of the structure of the ben- 
zene molecule. The formula 
is generally written as 
shown in Fig, 80. 

279. Characteristics of 
Hydrocarbons as a Class. 
Hydrocarbons are neither 
acids, bases or salts, and 
do not act like these 
familiar substances. They do not enter into, double decom- 
position with acids, bases or salts, and in general do not react 
with chemical reagents. They all burn to water and carbon 
dioxide, and when heated without air may form either higher or 
lower members of a series. An interesting illustration is the 
splitting of the molecules of kerosene into gasoline by distilling 
under pressure. 
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Other Compounds of Carbon will be described in connection 
with the various topics discussed in the latter portions of the 
book. 

280. Hydrocarbon Derivatives. Of the many derivatives 
of the hydrocarbons formed either by substitution or addition 
the most important and simplest are the following, together 
with the general formula, where E, is taken to mean any radical 
consisting of carbon and hydrogen, as methyl, CHs, ethyl, 
C 2 H 5 , phenyl, CeHs, etc. 


Form 

Alcohols and phenols 
Ethers 

Aldehydes 

Ketones 


Formula 

R-O-R 

R-C<" 

R-C-R 


Example Formula 

Ethyl alcohol C 2 H 6 OH 

Ethyl ether (C2H6)20 

Acetic aldehyde CH5CHO 

Dimethyl ketone (CHa)tCO 


Acids 


R-~C 


jr 


''O-H 


Halogen compounds RCl, RBr, etc , 


Nitro compounds R— NO 2 


Acetic acid 

Monochlor- 

benzene 

Nitrobenzene 


CHsCOOH 


CeHtCl 

CeHeNOi 


281 . Problems. 

1. How much carbon dioxide will be produced by bummg a diamond 
weighing one-half gram? 

2. How much carbon is required to reduce 12 grams of arsenic trioxide? 

2 AS 2 O 3 4-3C^3C02+ As4 

3. How much carbon monoxide may be obtained from the decomposi- 
tion of 50 grams 'of oxalic acid? (§258). 

4. Write the quantitative equation for the reaction of carbonyl 
chloride and water. (§260). 

5. Write the quantitative equation for the explosion of "'fire-damp.” 

CH4 -h202“>C02+2H20 

6. Write the quantitative equation for the combustion of carbon disul- 
phide. CS2+302“^C02-h2S02 

To Find the Atomic Weight of an Element 

The most important method of determining the atomic weight of an 
element is based upon the molecular weight of a series of gaseous compounds 
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containmg the element, and the percentage composition of these compounds 
which is determined by analysis. Thus if we wish to determme the atomic 
weight of chlorine we first determine the vapor density of several gaseous 
compounds contaimng the gas. The molecular weight of the gas is foimd 
by multiplying the vapor density by 2. The percentage composition of 
the compounds is then determined by analysis. The actual weight of the 
chlorine in the compounds is then determined from the molecular weight 
and the percentage composition, by multiplymg the two together and 
dividing the product by 100. The smallest weight of chlorme m any of the 
compounds is taken as the atomic, or combining weight of chlorine 

In each of the following problems find the atomic weight of the element 
from the data given. 


1 


2 . 


3. 


4 . 



Molecular weight 

Percentage of element 
in compound 

(a) 

80 

60 

(b) 

100 

48 

(c) 

136 

47.059 

(d) 

60 

53 33 

(e) 

56 

28.571 

(a) 

80 

40 

(b) 

159 

20.125 

(c) 

136 

23.529 

(d) 

246 

39.024 

(a) 

101 

38 613 

(b) 

56 

69.642 

(c) 

65 

60 

(d) 

194 

40.206 

(a) 

106 

43.396 

(b) 

40 

57.5 

(c) 

58.5 

39.316 

(d) 

62 

74 193 
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SULPHUR AND ITS COMPOUNDS 

SuLPHXJKj Symbol, S. Atomic Weight, 32.06. 

Valence, 2, 4, 6. 

282. Occtirrence. Sulphur occurs both free and combined. 
Very large deposits are found in Louisiana, Sicily, Italy, Spain 
and Iceland, and smaller amounts are found in Japan, South 
America, and in a number of the Western States. Free sulphur 
is found near extinct volcanoes, and in the gases of active vol- 
canoes sulphur occurs combined as sulphur dioxide or hydrogen 
sulphide. Many metallic sulphides are found, as copper pjTites, 
CuFeS2, lead sulphide, PbS, zinc sulphide, ZnS, ferric sulphide, 
FeS2, etc. Sulphates are also foxmd in nature, some of the com- 
mon ones being calcium sulphate, CaS04.2H20, known as gyp- 
sum, barium sulphate, BaS04, called heavy spar, lead sulphate, 
PbS04, etc. 

283. Extraction of Sulphur. Former methods used almost 
entirely the primitive device of piling the sulphur in heaps, 
covering it with earthy matter and setting it afire. The air 
supply is limited and the sulphur burns in part, generating 
enough heat to melt the rest. The liquid sulphur is then drawn 
off and placed in horizontal cylinders of cast iron and vaporized. 
(Fig. 81.) The sulphur vapor passes into large rooms where it 
is condensed as it comes in contact with the cool walls of the 
rooms, forming flowers of sulphur. When the wails become too 
warm to condense the vapor, the sulphur condenses to a liquid 
on the floor of the chamber. This liquid is drawn off and is 
run into molds to form roU sulphur or brimstone. The Italian 
government forced the price of sulphur so high that new methods 
of extracting the sulphur from its compounds were devised, the 
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sulphides forming the basis of the process. Sulphides may often 
be decomposed by simple heating m closed vesse s. 

3FeSi FeiS4+vS4 

Sulphates are not used so extensively because of the greater 
difficulty to decompose them. 



Fig. 81. Commercial Purification of Sulphur. 


The Louisiana Sulphur Deposits occur at a depth of ow 
900 feet and are covered with quicksand, day and 
problem of extracting the sulphur presented many d^cul- 
ties, but was finally overcome by making borings m which were 
placed 3 pipes, one within another, reaching into the deposit ot 
sulphur. (See Mg. 82.) Water heated under pressure to a 
temperature of about 170° is pumped down and comes m con- 
tact with the sulphur, which melts at 114.5°. After allowing 
sufficient time for the sulphur to melt, compressed air is 
down through the small inner pipe, and when mixed with the 
sulphur lowers the specific gravity to about that of water, so 
that the mixture of air and sulphur flows up through the 3-mch 
pipe surrounding the air pipe. After exposure to the air m 
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large wooden vats, the sulphur quickly solidifies and for most 
purposes needs no other further purification. The Louisiana 
sulphur deposits are so extensive that they easily supply all the 
sulphur needed m the United 
States, while formerly practh 
cally all of the sulphur was 
imported from Sicily. 

The Gulf Sulphur Co., in 
Texas, using the same process 
expect to mine 1000 tons of 
sulphur daily, with the use of 
2000 barrels of fuel oil for 
heating 4,000,000 gallons of 
water daily. 

284. Physical Properties. 

Sulphur exhibits a great varia- 
tion in general physical prop- 
erties. It exists in at least 
three solid forms, two hquid 
forms and two or three gaseous 
forms. If a carbon disulphide 
solution of sulphur is allowed 
to evaporate, crystals known 
as right rhombic octahedra 
will separate. The specific 
gravity of these crystals is 2.05. 

If sulphur is melted in a Hessian crucible and allowed to cool, 
monoclinic needles will be formed, having a specific gravity of 
1.96 to 1.98. The rhombic form is stable below 96"^ and the 
monoclinic form is stable above that temperature so that either 
may be changed into the other form by changing the temper- 
ature. Since the ordinary temperature is far below 96° the 
rhombic is the more common form. 

Sulphur at ordinary temperatures is a yellow substance, 
but at —50° it is nearly colorless. If sulphur is pure it is taste- 



Fig. 82 Extraction of Sulphur in 
Louisiana 





216 


CHEMISTRY IX ‘EVERYDAY LIFE 


less and odorless. If heated in a suitable vessel sulphur melts 
at 1 14.5° to a thin straw colored liquid ; at 200° to 250° it becomes 
thick and dark like molasses and cannot be poured from the 
vessel, but if heated still higher it again becomes thin and may 
be poured easily. If the sulphur is poured into cold water at 
this point, the amorphous, or nomcrystaUine, form is produced. 
This is soft and rubbery and has a specific gravity of 1.95. If 
allowed to stand, or if heated to 100°, or if chewed, it changes 
back to the rhombic form. 

Sulphur boils at 448.4° and gives off orange yellow or red 
vapors, which at 500° have a density of 6.654 (air=l) and at 
1000° a density of 2.218, showing that the molecule contains 
as many atoms at 1000° as at 500°. Between these temperatures 
sulphur vapor is a mixture of Sg, S^, and S 2 , the former decreasing 
and the latter increasing as the temperature is raised. 

The best solvent for sulphm* is carbon disulphide, of winch 100 
grams will dissolve 46 grams of sulphur, roll sulphur being more 
soluble than the flowers of sulphur. It is insoluble in water and 
only slightly soluble in alcohol and ether. It is, however, 
soluble in trichlorethylene, and since the carbon disulphide is 
very explosive, this non-inflammable substitute is being used 
more and more. 

285. Chemical Properties. Sulphur belongs to the same 
chemical group as oxygen, but it is chemically less active than 
either oxygen or the members of the halogen group. (Chapter 
11.) Sulphur combines directly with most metals, and directly, 
but not easily, with hydrogen. When heated in air it forms 
sulphur dioxide, SO2, which begins to phosphoresce, or glow, 
at 260°. Under proper conditions sulphur unites with three 
atoms of oxygen forming the trioxide, SO3. Sulphur unites 
with most acid forming elements, but the compounds are less 
stable than the corresponding oxygen compounds as may be 
seen by decomposing water and hydrogen sulphide by heat, the 
sulphide being decomposed at 400°, at which temperature the 
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steam from water remains unchanged. If sulphur is mixed with 
strong oxidizing agents it is oxidized to sulphuric acid. 

2 HNOs+S H2SO4+N0O, 

N202 4-02->N204t 

The action of sulphur on metals may be seen in the tarnishing 
of silver, especially where illuminating gas is used, since sulphur 
exists in the gas in the form of hydrogen sulphide, imless the 
gas has been carefully purified. 

286. Uses of Sulphur. Sulphur is used extensively in the 
manufacture of sulphuric acid, gunpowder, fire works, and for 
vulcanizing rubber. In the form of sulphur dioxide it is used as 
a bleaching agent and as a germicide. As hydrogen sulphide, 
ammonium sulphide, or carbon disulphide, it is used extensively 
as a reagent and solvent in the laboratory. 

Hydrogen Sulphide, H2S 

287. Preparation, Hydrogen sul- 
phide, sometimes called sulphydric 
acid, may be prepared by passing 
hydrogen over highly heated sulphur. 

The reaction is not complete as part 
of the gas is decomposed. The ordi- 
nary laboratory method is to pour 
some dilute hydrochloric acid upon 
ferrous sulphide. 

FeS 4-2HC1 FeCb (solution) +H 2 S t 

The gas thus formed is (Fig. 83) im- 
pure and a better but more expensive, 
method substitutes antimony tri- 
sulphide, Sb 2 S 3 , or aluminum trisul- 
phide, AI 2 S 3 , for the ferrous sulphide. 

The gas may be coUected over warm gg Laboratory 

water or by dry downward displace- Generator for Hydrogen 
ment. Sulphide. 
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288. Physical Properties. Hydrogen sulphide is a colorless 
gas having an odor of rotten eggs. Its specific gravity is 1.1895 
(air== 1). One liter of the gas weighs 1.523 grams. It is soluble 
in water, 4.37 volumes dissolving in 1 volume of water at 0°, 
the solution being known as hydrogen sulphide water. It may 
be liquefied by a pressure of 17 atmospheres or by reducing the 
temperature lower than —60.4®, its boiling point. The liquid 
may be condensed to a white crystallized solid at —82.9®. 

289. CJhemical Properties. Hydrogen sulphide is a combus- 
tible gas, burning to water and sulphur dioxide if plenty of air 
is present, otherwise the hydrogen is burnbd first and the sulphur 
is deposited. It is decomposed at 400®, the decomposition 
beginning at 310®. Hydrogen sulphide gives up its hydrogen 
and acts as a reducing agent, so that ifc is decomposed by the 
addition of certain substances, such as the members of the 
halogen group, or bodies rich in oxygen, which remove the 
hydrogen. Sulphuric acid is reduced by hydrogen sulphide, the 
gas being oxidized at the same time. The equation for the reac- 
tion is 

H2SO4 + H2S 2H2O +S -f SO2 T 

Hydrogen sulphide is easily decomposed by metals or the oxides 
of metals forming metallic sulphides. Certain metallic salts 
react with hydrogen sulphide, forming a sulphide and a dilute 
acid. The sulphide appears as a precipitate whenever it is 
insoluble in the acid, but if it is soluble it does not appear. Thus : 

2 AgN 03 +H 2 S AgaS i +2HNO3 

The following sulphides are insoluble in both watei* and dilute 
acids and hence may be precipitated as sulphides when hydrogen 
sulphide is passed into a solution of a salt of the metal; Silver, 
lead, mercury, bismuth, copper, cadmium, arsenic, antimony, 
gold and platinum, known as the hydrogen sulphide group. The 
following sulphides are soluble in dilute acids which are formed 
in the reaction, and insoluble in water, but since ammonium 
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sulphide will produce ammonium compounds instead of dilute 
acids in the reactions, it is used to bring about precipitation: 
Iron, cobalt, nickel, manganese and zinc, to which are added 
aluminum and chromium, although the last two are precipitated 
as hydroxides instead of sulphides. The other sulphides are 
soluble in both water and dilute acids and, therefore, cannot be 
precipitated by either hydrogen sulphide or ammonium sulphide, 
but are produced by other methods: Calcium, strontium, 
barium, magnesium, potassium, sodium and ammonium. 

Some of the other methods of producing sulphides are: 

(1) The reduction of a sulphate or a sulphite, 

!BaS 04 ”{” 4 C — > BaS -}- 4 CO t 

(2) The direct combination of sulphur with a metal, 

Fe-hS->FeS 

Sulphur Dioxide, SO2 

290. Preparation. Sulphur dioxide is formed when sulphur 
is burned in air, or in oxygen, or by the reduction of higher oxides 
or acids of sulphur by copper, charcoal, etc., or when a metallic 
oxide is heated with sulphur: 

2H2SO4+C CO2 T +2SO2 T +2H2O 

2H2SO4+CU CUSO4+2H2O+SO2 T 

2Cu0+2S-->Cu2S+S02t 

Sulphur burned in oxygen over mercury produces a volume of 
sulphur dioxide equal to the volume of oxygen taken. 

291. Physical Properties. Sulphur dioxide is a colorless gas 
with a suffocating odor. If breathed in any quantity suffocation 
and death result. Its specific gravity is 2.2639 (air= 1). It may 
be liquefied by passing the gas through a tube surrounded by a 
mixture of ice and salt, or snow and salt. The liquid changes 
rapidly to the gas and in changing absorbs so much heat that a 
temperature of —GO® is produced and some of the sulphur 
dioxide is solidified. The liquid boils at 10°. At 0° 1 volume 
of water will dissolve 79.9 volumes of the gas. 
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292. Chemical Properties. Sulphur dioxide neither burns 
nor supports combustion in the ordinary sense of the terms. 
Such substances as magnesium, potassium or finely divided iron, 
burn in the gas, and if it is heated with platinum in contact with 
air it is oxidized to sulphur trioxide. Under ordinary circum- 
stances it extinguishes flame, a fact which is sometimes utihzed 
to extinguish burning soot in chimneys. At 1200° sulphur 
dioxide decomposes 

3802 -^ 2803+8 

At lower temperatures it is very stable. Sulphur dioxide is the 
anhydride of sulphurous acid, which is formed when the gas is 
dissolved in water. The dry gas is not acid. 

293. Uses. Sulphur dioxide in the presence of water is 
used to bleach cotton and hnen goods, evaporated fruits, beet 
sugar, etc. It is used as a disinfectant and as a preservative, 
since it stops fermentation. It is used very extensively in the 
preparation of sulphuric acid. 

Sulphur Trioxide, SO3 

294. Preparation. Sulphur trioxide may be formed by 
passing sulphur dioxide and oxygen over finely divided platinum 
which may be in the form of platinized asbestos. A contact 
agent giving very satisfactory results for changing sulphur 
dioxide to sulphur trioxide is formed by treating finely divided 
lumps of kiesel-guhr or pumice with ammonium vanadate and 
then heating to drive off ammonia. The addition of a little 
sodium hydroxide or potassium hydroxide may improve its 
properties. Its efficiency is about 96%. Sulphur trioxide 
may also be formed by decomposing fuming sulphuric acid: 

H2S207-^S03+H2S04 


The acid is heated and the vapors are condensed in a receiver 
surrounded by a freezing mixture. 
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296. Properties. Sulphur trioxide is a white, crystallized 
solid, having a silky luster. It melts at 14.8°, forming a liquid 
that boils at 46.2°, but can be cooled to zero without solidifying. 
The vapor is colorless, having a specific gravity of 2.76 (air= 1). 
In contact with air sulphur trioxide produces white fumes of 
sulphuric acid by absorbing moisture from the air. Its combina- 
tion with water produces a great evolution of heat and after the 
reaction is complete no water is present as water. This shows 
that the composition of sulphuric acid is similar to the hy- 
droxides of calcium and magnesium, and the formula may be 
written S02(0H)2. Sulphur trioxide will unite with many metal- 
lic oxides to form metallic sulphates as 

Ca04-S03-->CaSO4 

Sulphur trioxide is also known as sulphuric anhydride. 

Sulphur Acids 

A great many sulphur acids are known, but the most impor- 
tant is sulphuric acid H2SO4, sometimes called oil of vitriol. 
This with fuming sulphuric acid and sulphurous acid are the 
only ones that will be described. 

Sulphuric Acid, H2SO4 

296. Preparation. The manufacture of sulphuric acid is 
essentially the oxidation of sulphur dioxide in the presence of 
water, the equation being 

S0o+0-{-H2O-^H2S04 

but the usual process is much more complicated than this. The 
formation of sulphur dioxide is simple, and so is the combination 
of sulphur trioxide with water to form the sulphuric acid, so 
that the problem in the manufacture of sulphuric acid is the 
oxidation of the sulphur dioxide to the sulphur trioxide. There 
are two methods used for this process which are so entirely 
different that they cannot both be used with the same apparatus. 
The first, and older, process is called 
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297. The Lead Chamber Process. Here the sulphur dioxi d e 
is first formed and then passed into a large lead chamber where it 
comes m contact with nitric acid and steam. The reactions that 
actually occur are complicated, but the mam part of the change 
may be written 

802+2HN0,~.HoS04-h2N02 (gas) 

The nitrogen tetroxide then reacts with water 

3 N 02 +H 20 -^ 2 HN 03 (liquid) +NO (gas) 

and the nitrogen dioxide reacts with the oxygen of the air to 
form more of the tetroxide which then unites with water as 
before. The nitric acid acts on the sulphur dioxide which is 
constantly admitted so that theoretically the process is continu- 
ous, leaving no residue, and possible with a very small amount of 
nitric acid originally admitted, but practically the problem 
presents many difficulties. (Fig. 84.) 



Fig. 84 . Lead Chamber Process of Making Sulphuric Acid. 

The acid thus formed has a specific gravity of about 1.5. It 
is then evaporated in lead dishes until it has a specific gravity of 
about 1.75, when it begins to act upon the lead, and it is then 
further evaporated in platinum, or in gold lined platinum, 
retorts, until the specific gravity is 1.842 to 1.854 at 0® if pure. 
(Fig. 85.) The commercial acid has a specific gravity of about 
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1.83 and always contains lead sulphate, from the lead dishes, 
and smaller amounts of nitrogen oxides, arsenic acid if arsenical 
pyrites were used for the sulphur dioxide, and certain other 
impurities. 







Fig. 85. Sulphuric Acid Concentrating Plant. 

Sulphuric acid may be purified by distilling. The nitrogen 
products pass over with the first of the distillate which is re- 
jected. Then the pure acid passes. The last part of the acid 
will contain the lead sulphate, arsenic acid, etc., and should not 
be distilled. Purification of sulphuric acid should not be 
attempted by a beginner, since explosions sometimes result, and 
the hot acid gives terrible burns. The distillation is conducted 
in a retort covered with an iron hood. 

Other Methods of Making Sulphuric Acid 

298. (1) Contact Process. Since gold and platinum are 
very expensive and the lead chamber process is complicated, a 
later process, known as the contact process, is displacing the 
older method. In this process the sulphur dioxide is oxidized 
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to the trioxide, when m contact with finely divided platinum, 
and no nitric acid is used. The platinum acts as a catalyzer or 
contact agent and does not take part in the reaction. Theoreti- 
cally it is exceedingly simple, but unless the sulphur dioxide is 
very pure the impurities soon clog the catalyzer and the reac- 
tions cease. (Fig. 86.) This process is superior to the other, as 
it does away with the large lead chambers, and all strengths of 
acid may be made in the same factory. The method has dis- 
placed some of the lead chamber factories. 



ber , H, absorber (concentraled sulphuric acid) 

Fig. 86. Contact Process of Making Sulphuric Acid 

(2) A new process of manufacturing sulphuric acid heats a 
mixture of sulphur dioxide, chlorine and water vapor to 230®, 
and produced a mixture of sulphuric acid and hydrochloric acid 
in vapor form, as shown in the equation 

S02+C1o4-2H2O-^ H 2 SO 4 + 2 HCI 

This is cooled and practically all of the sulphuric acid is con- 
densed in the form of finely divided suspended particles, and 
these are precipitated electrically to separate them from the 
hydrochloric acid. Sulphuric acid of 95% strength may be 
produced^ by this process. 
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299. Physical Properties. Sulphuric acid is a colorless; 
oily liquid, having, if pure, a specific gravity of about 1.842 
measured at 12°. It always contains some water, but when this 
is reduced to a minimum the acid is solid at —34°. At 40° it 
emits fumes and does so until a temperature of 290° is reached, 
when, if water is present, it begins to boil. The water is boiled 
off first and the boiling point is 338°, when it is said to contain 
only one molecule of water in 12 molecules of the acid, making 
the formula (H 2 S 04 )i 2 .H 20 . 

300. Chemical Properties. Anhydrous sulphuric acid loses 
its acid properties and acts as an oxidizing agent. If heated 
alone or with substances that act as reducing agents the acid is 
decomposed and the radical, SO4, is broken up, sulphur dioxide 
being one of the products. 

H2S04-^S02 T -fO t +B. 2 O 
2H2S04"I“S — >^ 3802 ! "f'2H20 
2H2S04-f C->2S02 T -h2H20-f CO 2 j 
2 H 2 SO 4 “hUu — > SO 2 1 -f-2H20 -i"CuS 04 

Various metals that stand above hydrogen in the list of 
activity (See §36) will replace the hydrogen of dilute sulphuric 
acid and form metallic sulphates. (See §59.) 

Sulphuric acid has a great aflGbnity for water, with which it will 
combine with rise of temperature, the greatest rise in tempera- 
ture being when 2 parts of the acid by volume are mixed with 1 
part of water, the resulting temperature being 115° to 120°. 
It will combine with water in all proportions and seems to form 
compounds, 

H 2 S 04 -fH 20 -~>H 4 S 06 

or tetrahydroxyl sulphuric acid, and 

H2SO4-f2H2O~^H6S06 

of hexahydroxyl sulphuric acid. The formula may be written 
S(0H)6 and the compound may be considered the normal 
sulphuric acid, since the greatest contraction in volume and 
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therefore the closest union occurs when the substances are thus 
mixed. Whenever the acid is to be mixed with water, the acid 
must always be poured slowly into the water with constant 
stirring so as to avoid sudden bursts of steam caused by over- 
heating one part of the mixture. Dangerous explosions may 
occur if the water is poured into the acid. The affinity of the 
acid for water may be seen by exposing a known volume of the 
acid to moist air for 24 hours and measuring the increase of 
volume, which will often be found to reach 20%. If the acid 
is poured into a solution of cane sugar, C 12 H 22 O 11 , the water is 
removed, and the solution turns black and swells. 

^ Sulphuric Aad Forms Two Classes of Salts y the normal sul- 
phate, where all of the hydrogen of the acid has been replaced 
by the metal, and the acid sulphate, or bisulphate, where only 
half of the hydrogen has been replaced. The “bi^^ indicates that 
there is twice as much SO4 in proportion to the metal as there is 
in the normal sulphates. 

301. Uses of Sulphuric Acid. Sulphuric acid is used m 
nearly all chemical industries, often m large quantities, such as 
in the manufacture of soda by the LeBlanc process, in the 
refining of petroleum, in the manufacture of fertilizers, nitrogly- 
cerine, gun cotton, water colors, etc. The extended use of 
sulphuric acid has resulted in a marked decrease in the cost, the 
first acid selling for about $3.25 a pound, while normal cost of 
manufacture is about a cent per pound. About 5,000,000 tons 
are produced annually in the United States at this time. 

302. Sulphurous Acid, H 2 SO 3 , probably exists in solution 
when sulphur dioxide is passed into water since the solution is 
distinctly acid, turning blue litmus red, but it is not known in a 
free condition. It has great affinity for oxygen, hence reduces 
substances rich in oxygen, and is itself oxidized to sulphuric 
acid. It decolorizes potassium permanganate solution reducing 
it to potassium sulphate and manganese sulphate. The salts of 
the acid are called sulphites. 
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Sulphurous acid reacts with the active metals and will enter 
into double decomposition with bases and salts. When an 
excess of sulphur dioxide is passed into sodium hydroxide solu- 
tion, sodium bisulphite and water are formed. 

NaOH+HoSOa -> NaHSOa+HsO 


Sulphurous acid is used in paper manufacturing, for bleaching 
fruits, etc. As a preservative it is used chiefly in the form of 
sulphites. 

303. Fuming Sulphuric Acid, H 2 S 2 O 7 , is the ordinary acid to 
which sulphur trioxide is added. It is a light, brownish, oily 
liquid, fuming in air. It is decomposed on heating. It is used 
chiefly to dissolve indigo. 

304. Problems. 

X. How much silver sulphide is precipitated by the action of hydrogen 
sulphide upon two grams of silver nitrate m solution^ How much hydrogen 
sulphide IS lequired^ What is the volume of the hydrogen sulphide in 
liters, and how much ferrous sulphide and hydrochloric acid should be 
used to produce it, ail reactions being complete*? §289, 287. 

2. How much ferrous sulphate and how much ammonium sulphide 
should be used to produce 25 grams of ferrous sulphide*? 

FeS04-f-(NH4)2S->FeS+(NH4)2S04 

3. Write the quantitative equation for the reaction of copper with 
sulphuric acid. (§290) 

4. How’' much sulphur tnoxide is required to make 100 kilograms of 
sulphuric acid? 

BOs+mo^nso, 


To Fi2U) Fobmula When the Percentage Composition and 
Molecular Weight Are Given 


The method of workmg these problems is the reverse of finding the 
percentage. Multiply the molecular weight by the percentage of the 
eiateit; divide by 100 and the quotient gives the total atomic weight of 
the element; and this number, divided by the atomic weight of the element, 
gives the number of atoms of the element. Do the same for each element 
in the compound and combine as a formula for the compound. Use the 
nearest whole numbers as the number of each atom 


Molecular weight 

1. 235 

2. 127 

3. 142 


Percentage composition 
Ag, 45.96;I, 54.04 
Fe, 44.094; a, 55.905 
P, 43.66; O, 56.33 
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4, 

246 

As, 60.975; S, 39.024 

5. 

26 

C, 92.308; H, 7.692 

6 . 

271 

Hg, 73.8;C1, 26.2 

7 

106 

Na, 43 396; C, 11 320; 0, 45 282 

8. 

101 

K, 38.613; N, 13 861; 0, 47.524 

9. 

56 

K, 69.642; 0, 28.571; H, 1 785 

10 

63 

H, 1.587; N, 22 222; O, 76 190 

11 

136 

Ca, 29 411; S, 23 529; 0, 47 059 

12. 

100 

Ca, 40; C, 12; 0, 48 

13. 

194 

K, 40.206; Cr, 26 804; 0, 32 90 

14. 

60 

H, 6.67; C, 40; 0, 53.33 

15 

46 

C, 52.18; H, 13.04; 0, 34.78 


The teacher should assign other problems of greater difficulty from 
time to time If the vapor density of a gas is given the molecular weight 
mav be found by multiplying the vapor density by 2. 

NOTE. 

(Jhapter 24, showmg the various attempts to arrange the elements, 
may be taken at this time. 
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PHOSPHORUS, ARSENIC, ANTIMONY AND BISMUTH 

Phosphorus, Symbol, P. Atomic Weight, 31.04. 

Valence 3 and 5 

306. Occurrence. Phosphorus always occurs combined 
chiefly in bones as tricalciuni phosphate, Ca 3 (P 04 ) 2 , the amount 
of the tricalcium phosphate 

varying from about 65 to 86% H 

of the bones, while the phos- 
phorus obtained from the 
phosphate is only 8 or 9% of 
the weight of the bones. It 
also occurs in certain miner- p 
als, such as phosphate rock, 
and in the soil, from which 
it is absorbed in minute 
quantities by plants. Phos- 
phate rock is used in the 
manufacture of artificial fer- 
tilizers and chemicals con- 
taining phosphoric acid. It 
is found in Florida, Tennes- Electric Furnace for Phos- 

see, South Carolina, some of ^ 

the Western States, Algeria, Tunis and elsewhere. 

306. I^eparation. Phosphorus is at the present time 
derived almost entirely from mineral phosphates, so that the 
older process of extracting phosphorus from bones by heating 
first with sulphuric acid and then with carbon and sand need not 
be described in detail. The electrical process is much more 
economical. Carbon, a phosphate and sand are thoroughly 
mixed and placed in a special electrical furnace and the electric 
current is passed through the mixture at the bottom. (Fig. 87.) 

229 
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The mixture enters the furnace through the hopper H and the 
feed is controlled by the screw S. The current passes between 
the electrodes E and E'. The phosphorus passes out at P and 
the slag is drawn off at O. The changes that occur are 

2Cag(PO02+10C+bS)O2-^R (vapoi) H-eCaSiOs+lOCO 

It is always impure and may be purified by straining it through 
chamois skin, by redistilling, or by treating it with chromic acid 
made from potassium dichromate and sulphuric acid, washing 
it with hot water and straining it through canvas bags. It is 
then rolled into sticks, somewhat resembling lemon candy, 
placed in bottles filled with water and packed in tin cans for 
market. 

Yellow Phosphorus 

307 . Physical Properties, Ordinary phosphorus is a pale 
yellow, translucent, and waxy solid at ordinary temperatures, 
but brittle when cold. It melts when dry at 30® and under water 
at 44.2'^, distilling at 290®. It is insoluble in water, but soluble 
in carbon disulphide, phosphorus trichloride, and slightly 
soluble in sodium hydroxide solution. Its specific gravity at 
10® is 1.83. Its vapor density is 4.32 {air = l) or 61.1 (H = l). 
At ordinary temperatures and in solution the formula of the 
molecule is P 4 . At 1700° the molecule partially dissociates, 
forming P 2 . 

308 . Chemical Properties. Phosphorus takes fire in the 
air at 60®, or by friction, combining with oxygen to form phos- 
phorus pentoxide, P2O5. Under warm water, phosphorus and 
oxygen unite in the same way, a bright flash occurring whenever 
the stream of oxygen comes in contact with the phosphorus. 
Phosphorus burns in chlorine vapor to phosphorus penta- 
chloride, PCb, and in bromine vapor to the pentabromide, 
PBrs. When covered with iodine, phosphorus reacts forming a 
little phosphorus triiodide, PI3, and red phosphorus. Part of 
the iodine vaporizes, and the phosphorus burns to P 2 O 6 . It 
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will combine directly with sulphur. At ordinary temperatures 
in the air, phosphorus combines with oxygen and glows in the 
dark, but this phosphorescence ceases in pure oxygen below 
27°, unless the pressure is reduced. 

309. The Effect of Phosphorus on the System. Phosphorus 
is a very active poison, either when breathed as a vapor or 
when swallowed, 0.15 gram being suifficient to cause death. It 
decomposes the bones of those who work with it continually, 
especially the jaw bone, the disease being called necrosis. When 
phosphorus burns the flesh, the wounds are very painful and very 
difficult to heal. The substance should, therefore, never be 
touched with the fingers, but must be held in tweezers and cut 
under water. 

310. Red Phosphorus. This variety is the most important 
modification of the ordinary phosphorus. It may be formed by 
leaving ordinary phosphorus under water for a long time or by 
heating it to a temperature of 250° to 260° without air for some 
time. If heated in hermetically sealed tubes to a temperature of 
300°, it is formed rapidly. A dark colored mass is formed which 
may be ground to a red brown powder having a specific gravity 
of 2.20. It sometimes contains a little yellow phosphorus which 
must be removed by washing with sodium hydroxide or carbon 
disulphide. Red phosphorus is almost the exact opposite of the 
ordinary variety, since it is not poisonous, does not melt at low 
temperatures, does not burn until heated to 260°, is insoluble 
in carbon disulphide, and is much less active chemically. If 
heated to 260° in the air, red phosphorus will burn, but if the 
heating is conducted in an atmosphere of carbon dioxide or 
nitrogen the red phosphorus will change to the yellow variety. 

311. The following table shows a brief 


Comparison op Yellow and Red Phosphorus 


Kind 1 

Structure 

Odor 

i Atom m 
Molecule 

Specific 1 
Gravity j 

Melting Point | 

Ignition 

1 Point 

Yellow j 

May be crystallized 

Strong 

4 

1 83 

44 2“ 

50“ 

jaed 

Amorphous 

None 

Not known 

2 20-2 34 

Does not Melt 

260“ 
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Comparison of Yellow and Red Phosphorus 


Kind 

Boiling Point i 

In CSi 

In H->0 

Effect on 
System 

Is Kept 

In the Dark 

Yellow 

290° 

Very Soluble 

Insoluble 

Very 

Poisonous 

Under Water 

Glows 

Strongly 

Red 

Does not Boil 

Insoluble 

Insoluble 

Not 

Poisonous 

In ordinary 
Bottle 

Not Visible 


Uses of Phosphorus 

312. Matches. A little phosphorus is used for making 
pastes to exterminate vermin, but 90% of the product was 
formerly used for making matches. Both ordinary and red 
phosphorus are used for making matches, the first for common 
matches, the second for safety matches. In the ordinary match 
the paste containing the phosphorus is on the end of the match; 
in the safety match it is on the box. The paste for the ordinary 
match is usually made by stirring phosphorus into a warm solu- 
tion of glue or dextrin. The oxidizing materials, such as lead 
peroxide, red lead, or manganese dioxide, are then added 
with the coloring material, which may be ultramarine, lead 
chromate, lamp black, etc. The paste is stirred until cold and 
the match sticks held in a frame, are dipped into the paste and 
are often coated with shellac to keep out the moisture. (Fig. 
88.) The safety matches have for the paste sulphur or antimony 
trisulphide Sb 2 S 3 , with potassium chlorate or potassium dichro- 
mate as the oxidizing material, though sometimes the same 
oxidizing materials are used as on the ordinary match. The 
paste on the box consists of red phosphorus, antimony trisulphide 
and dextrin or glue, to which powdered glass or emery is added 
to increase thefriction. When the match is rubbed over the pre- 
pared surface some of the red phosphorus is converted by heat 
into yellow phosphorus which unites with a part of the oxidizing 
material on the box, developing enough heat to ignite the head 
of the match. Matches have been in use since 1827, when they 
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were first made in England from antimony trisulphide and 
potassium chlorate mixed into a stiff paste with water and gum. 
The manufactm'e and sale of matches containing ordinary 
phosphorus is prohibited by law in many countries and should 
be prohibited in all. Matches may be made by using phosphorus 
trisulphide, P4S3, with lead oxide, Pb02, and paraffin. A mix- 
ture for making matches for out of door use consists of potassium 
chlorate, 1 part; potassium nitrate, 2 parts; lampblack, 60 parts; 
phosphorus, 60 parts; dextrin, 20 parts, covered with water- 
proofing material. 



1 


M 

L 







Fig. 88. Manufacture of Matches. 


A Chinese patent for safety matches gives the composition of 
the head of the match as potassium chlorate 92 parts, oxalic 
acid 2 parts, antimony sulphide 14, powdered silicon dioxide 
54, manganese dioxide 18 and glue 20. The igniting surface 
on the box is a mixture of antimony sulphide 92, barium sul- 
phide 42, sulphur 15, red lead 33 and glue 18. 

Figure 89 shows how we 
might get along without 
matches. 

Phosphorus is now used quite 
extensively in making alloys, 
such as phosphor bronze. The 
phosphorus is introduced into 
the metal by melting it in a 
small retort placed above the 
melted metal and heated by it, 
with a bent tube extending from the retort to the lower part 
of the melted metal, so that the vapor of phosphorus passes up 
through the metal, combining with it to form the alloy. 
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313. Phosphorus Pentoxide, P 2 O 5 , is the only oxide of phos- 
phorus important in elementary work. It is formed when 
phosphorus is burned in air or in oxygen, when it appears as a 
white smoke which will combine with cold water forming meta- 
phosphoric acid, thus: 

P205+H,0-->2HP05 

The equation for the reaction with boiling water is shown in 
§3 14. It is not decomposed by heat, is non-volatile, will absorb 
moisture from the air and is, therefore, often used as a drying 
agent. 

314. Phosphoric Acid, H 3 PO 4 , often called orthophosphoric 
acid, may be made by the action of nitric acid on phosphorus. 
The reaction is violent and dangerous with ordinary phosphorus, 
but safer with red phosphorus, though it should not be per- 
formed by a beginner. If phosphorus pentoxide is boiled with 
water, evaporated and held at 30^^ to 40° it is converted into 
orthophosphoric acid 

P206+3H20~>2H3P04 

It may be formed by passing chlorine through warm water 
under which is melted phosphorus. The hydrochloric acid 
formed may be driven off by evaporation. If the remaining 
liquid is concentrated and cooled, crystals of phosphoric acid 
are deposited. They are deliquescent and soluble in water. The 
acid is tribasic and the salts of the acid are phosphates, having 
^ the general formula R3PO4, where R is a univalent metal, as 

3AgN03+H8P04~>Ag8P04 1 -l-SHNOs 

tri-silver phosphate being formed as a yellow precipitate. The 
most important compound containing the PO4 group is Cag(P 04)2 
found as phosphate rock. This is ground and mixed with sul- 
phuric acid (Fig. 90) and sold as superphosphate as a fertilizer. 
Sometimes phosphoric acid is also added and the final product 
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is called double superphosphate. For a more complete discus- 
sion see Chapter 29. 

316. Metaphosphoric Acid, HPO3, is formed when phos- 
phoric acid is heated 
to about 400® in a plati- 
num vessel, when 1 mole- 
cule of water is driven 
off. 

H3P04-^H20+HP03 

It is formed when phos- 
phorus pentoxide is dis- 
solved in cold water 
(§313). Boiled with wa- 
ter to which a little nitric 
acid is added, it is recon- 
verted to orthophosphor- 
ic acid. Its salts are 
metaphosphates, such as 
silver metaphosphate 
(white precipitate) 
formed when the acid 
acts upon silver nitrate. 

AgNOa-f HPOa-^AgPOs i +HNO 3 

Metaphosphoric acid is similar in composition to nitric and 
chloric acids, but differs from nitric since the latter is a strong, 
or highly ionized, and unstable acid, while the metaphosphoric 
is a weak, or slightly ionized, and stable acid. Very moderate 
heating decomposes nitric acid, but metaphosphoric acid may be 
heated to its boiling point, 550®, without decomposition. 

Arsenic. Symbol, As. Atomic Weight 74.96. 

Valence, 3 or 5. 

316. Source and Preparation, Arsenic occurs both free and 
combined. Its chief compound is arsenopyrite, FeSAs, often 



Fig. 90, Adding Sulphuric Acid to Phos- 
phate Rock. 
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called mispickel. When this is heated it decomposes into FeS 
and As, ferrous sulphide and arsenic. The ore is heated in 
horizontal earthenware cylinders and the vapor condenses in 
sheet iron pipes- It is then distilled with charcoal in stone-ware 
retorts to purify it. 

317. Physical Properties. Freshly sublimed arsenic exists 
as brittle, steel-gray crystals having a metallic luster. Their 
specific gravity is 5.73. Arsenic volatilizes without melting 
at 450®-500® (Compare with iodine). Its vapor is yellow. 
Heated under pressure it melts to a transparent liquid. 

318. Chemical Properties. When exposed to the air 
arsenic becomes covered with a brownish black layer, which is 
thought to be a suboxide of arsenic. Heated in the air or in 
oxygen, it burns with a bluish-white flame to form arsenic 
trioxide, AS 2 O 3 . The same reaction occurs when arsenic is 
thrown upon hot coals. Arsenic has no decided characteristics 
of its own, but acts both as a base forming and as an acid- 
forming element. Arsenic oxidizes slowly in water forming 
arsenious acid, which is soluble. Arsenic burns spontaneously in 
chlorine gas, forming arsenic trichloride, AsCh. The bromide, 
iodide and fluoride of arsenic may also be formed. Arsenic 
trichloride is a colorless, dense, oily, very poisonous liquid, 
having a specific gravity of 2.05, and boiling at 134®. When 
boiled with nitric acid it is converted into arsenic acid, similar 
to the way in which sulphur is oxidized to sulphuric acid, but 
in its general properties arsenic more nearly resembles phos- 
phorus. Pure arsenic is not poisonous, but as it is almost always 
contaminated by its oxides, which are poisonous, it is very 
unsafe to taste it. Arsenic is used for hardening shot. (See 
§457.) 

Arsenic Trioxide, AS2O3 

319. Preparation. Arsenic trioxide may be prepared by 
burning arsenic in air or in oxygen, but it is usually made by 
heating minerals that contain arsenic in contact with air. The 
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trioxide is condensed in horizontal chimneys or in a special 
building with communicating compartments through which 
the vapor must pass. It is condensed as a powder and is 
resublimed in cast iron pots and condensed in sheet iron cylin- 
ders. It is often called white arsenic. 

320. Properties. Recently sublimed arsenic trioxide is a 
vitreous amorphous mass, but it soon loses its transparency and 
changes to the crystalline form, which is opaque and resembles 
porcelain. The crystals occur in two forms, usually as regular 
octahedra, and more rarely as right rhombic prisms. One 
part of the opaque or crystalline variety dissolves in 80 parts of 
water, while one part of the amorphous will dissolve in 25 parts 
of water. The solution feebly reddens blue litmus, and gives a 
nearly tasteless solution of arsenious acid, which like sulphurous 
and carbonic acids, caimot be separated. Arsenic trioxide re- 
acts with hydrochloric acid. It is reduced by heating with 
charcoal. It has a weak sweetish taste, and is a violent poison, 
although it is used to some extent in medicine. It is often taken, 
or administered to others, for the purpose of causing death. 
Tests for arsenic may be found in the Laboratory Manual. Of 
these, the most delicate are the Gutzeit and Gatehouse tests. 

Hydrogen Arsenide, AsHs 

321. Preparation. Hydrogen arsenide, or arsine, may be 
prepared by the action of hydrochloric acid on zinc arsenide, 
but is usually prepared in the laboratory by the action of ionic 
hydrogen on arsenic trioxide dissolved in hydrochloric acid. 
The reactions occur according to the equations 

6HC1 -l-ZnsAs i 2AsH3 T +3ZnCl2 
and 

12H -h AssOs 3 H 2 O + 2 ASH 3 T 

322. Properties. Hydrogen arsemde is a colorless, intensely 
poisonous gas having a penetrating odor resembling garlic. 
Hydrogen arsenide, like hydrogen phosphide, burns in the air 
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or in oxygen, the hydrogen first combining with the oxygen to 
form water, and then, if oxygen is plentiful, arsenic trioxide, 
AS 2 O 3 , is formed; if not, metallic arsenic is deposited. The 
metal will be deposited if the flame is cooled by pressing a dish 
into the flame or when a section of the delivery-tube is heated. 
(Fig. 91.) This IS usually called Marshes test for arsenic. 

Sulphides of Arsenic 

323, There are three sulphides of arsenic, AS 2 S 2 , AS 2 S 3 and 
AS2S6. 

Arsenic trisulphide, AS 2 S 3 , may be made by a wet process by 
passing hydrogen sulphide into a solution of arsenic trichloride, 

2ASCI3+3H2S AsiSa+GHCl 

or by a dry process when 
arsenic and sulphur are fused 
together which gives a yellow 
powder, having a specific grav- 
^ / ity of 3 . 459 . It is both fusible 
and volatile. When made by 
the wet process the sulphide 
is insoluble in cold water, but 
is slightly soluble in hot water 
and is soluble in alkaline 
sulphides, forming sulpharsen- 
ites, which may be regarded as 
double sulphides in which the 
alkaline sulphide acts as the 
Fig. 91 Marsh's Test for Arsenic, base and the arsenic trisul- 
phide as the acid. When dis- 
solved in caustic alkalies, an arsenite and a sulpharsenite are 
formed* Arsenic trisulphide is frequently called orpiment or 
King's yellow. 
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Antimony. Symbol Sb. Atomic Weight, 120.2 
Valence 3 and 5. 

From its physical properties antimony would he classed with 
the metals: from its chemical properties^ with the non-inetals, 

324. Occurrence and Preparation. Antimony is widely 
distributed and occurs as stibmte, Sb 2 S 3 , which was known in 
antiquity. It comes largely from Hungary and Japan. The ore 
is mixed with iron with which it reacts to form ferrous sulphide, 
setting antimony free, which settles to the bottom, and may be 
drawn off. 


SPe+SbsSa 2Sb+3FeS 

326. Physical Properties. Pure antimony is a hard, bril- 
liant, white, metallic substance with a bluish luster. Its specific 
gravity is 6 . 691 . It melts at 630 ® and vaporizes at white heat. 
It may be crystallized by slow cooling and decanting the still 
liquid portion. Its vapor at 1640 ® shows its formula to be Sba, 
while at lower temperatures Sb 4 is present. 

326. Chemical Properties. Antimony acts both as a metal 
and as a non-metal, since it forms salts and enters also into acid 
radicals. Heated in the air antimony volatilizes and burns with 
a brilliant white flame to antimony trioxide, Sb 203 . If melted 
antimony is allowed to fall upon glazed black paper, it breaks 
up into drops which run over the surface leaving dotted white 
lines. Powdered antimony burns in a jar of chlorine to antimony 
trichloride. It is soluble in aqua regia. With sulphuric acid, 
antimony sulphate, sulphur dioxide and water are formed. ' 

2Sb*f 6 H 2 SO 4 SbaCSOdg+SSOs j -hbHoO 

With nitric acid it is oxidized to the trioxide or to antimonic 
acid, H 3 Sb 04 . 

327. Uses. Antimony is used in type metal, of which it 
forms 15 to 25 %, while 10 to 20 % is tin, the rest being lead. It 
makes the metal harder and thus permits sharper hair lines. It 
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is used in making Britannia metal, anti-friction metal, tartar 
emetic, etc. Powdered antimony is often rubbed upon plaster 
casts to give a dull metallic appearance. 

328. Hydrogen Antimonide, or stibine, SbHs, is prepared in 
a manner similar to that for preparing hydrogen arsenide, by 
the action of ionic hydrogen upon a salt ot antimony, as the 
chloride. The arsenic and antimony spots may be distinguished 
in several ways: 

(1) The arsenic spots are brown and shiny while the anti- 
mony spots are black and smoky. 

(2) The arsenic spots vaporize at a lower temperature. 

(3) The arsenic spots are soluble in a fresh solution of sodium 
hypochlorite. The antimony spots arc not. 

(4) Hydrogen sulphide colors the arsenic spots yellow but 
gives a red color to the antimony spots. 

Other C'ompounds 

329. Chlorides. Antunony trichloride, SbCb, known as 
butter of antimony, is formed by the action of hydrochloric acid 
on antimony trisulphide. It is solid, transparent and colorless, 
melting at 73® and boiling at 230®. It dissolves in hydrochloric 
acid, forming a colorless solution, but when diluted with water, a 
white precipitate of antimony oxychloride is formed having the 
formula, SbOCl. The trichloride should be added to the water 
for the best results. This reaction serves as a good test for the 
presence of water. 

Antimony pentachloride, SbCh, is formed when an excess of 
chlorine acts on the trichloride or on antimony. If powdered 
antimony is dropped into a jar of chlorine, a yellow liquid giving 
off abundant white fumes is formed. It cannot be distilled with- 
out partial decomposition into antimony trichloride and' 
chlorine. The tribromide, triiodide, trifluoride and pentafluoride 
of antimony are known. 

330. The Oxides are Sb 203 , Sb 204 , and Sb205, the last being 
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formed when the metal is heated in nitric acid, which forms 
metantimonions acid, HSbOs, which, when heated to redness, 
loses water and forms the pentoxide. The trioxide is formed 
when antimony is heated in air. The tetroxide may be formed 
by heating the trioxide for a long time or by calcining the pen* 
toxide. 

331. Antimony Trisulphide, Sb 2 S 3 , occurs in nature as stib- 
nite, or may be made as an amorphous orange colored powder 
when hydrogen sulphide acts on antimony trichloride. It is 
insoluble in ammonium hydroxide, but dissolves in ammonium 
sulphide and the alkaline sulphides, and is reduced by hydrogen. 

Bismuth. Symbol, Bi. Atomic Weight, 208.0 
Valence 3. 

332. Occurrence and Preparation. Bismuth is a true metal 
but is not abundant nor widely distributed. It occurs in veins of 
granite and clay slate as bismuth trisulphide, Bi 2 S 3 , or as the 
trioxide, BbOs. It is separated by roasting the ore in inclined 
tubes when the metal melts and runs out. The bismuth of 
commerce always contains some arsenic, sulphur, etc., from 
which it may be purified by heating once or twice with 1/20 its 
weight of potassium nitrate which oxidizes the foreign elements. 
From 150,000 to 190,000 pounds of bismuth are used in this 
country annually. 

333. Physical Properties. Bismuth is whitish gray with a 
reddish tint. It forms rhombohedral crystals with a specific 
gravity of 9.83. It melts at 264® and the surface of the metal 
becomes oxidized and iridescent. Bismuth increases in volume 
and diminishes in density when it solidifies- It is volatile at 
white heat. If heated in an atmosphere of hydrogen it boils at 
1600®. 

334. Chemical Properties. Bismuth remains unaltered m 
the air at ordinary temperatures, but at a red heat it absorbs 
oxygen forming the trioxide, Bi 203 . It is soluble in nitric acid 
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forming bismuth nitrate, Bi(N 03 ) 3 , which forms a basic mtrate 
when water is added. Hydrochloric acid will hardly dissolve it. 



Fi< 3. 92. Fusible Alloy Joint. 


Sulphuric acid forms the sul- 
phate. It is also soluble in 
aqua regia. 

336. Uses, Bismuth is 
used in fusible alloys, for 
making safety plugs for 
boilers, chains for holding 
fire doors open (Fig. 92), or 
plugs for controlling auto- 
matic sprinkling systems. It 
is used in stereotyping and for 
solder. It has replaced lead 
to some extent in the cores 
of rifle bullets. Bismuth com- 
pounds are used in medicine, 
particularly the subnitrate 
and the sub-carbonate. The 
following table shows some 
of the typical 



Bismuth Alloys 

Fusible Metal 

Alloy 

Bismuth 

Lead 

Tin 

Cadmium* Melting point G. 

Newton’s alloy 

50 0 

31 25 

18.75 

95" 

Rose’s alloy 

50 0 

27 10 

22 9 

100" 

Darcet’s alloy 

50 0 

25 00 

25.00 

93° 

Wood’s alloy 

50 0 

24 00 

14 00 

12 00 66-71° 

Lipowitz’s alloy 

50.0 

27.00 

13 00 

10 00 60° 


See also Table 20. 


336. Bismuth. Compounds Similar to Antimony Compounds. 

Bismuth trioxide, Bi 203 , formed by decomposing the nitrate 
by heat or by burning the metal in air, is a straw yellow powder 
fusible at red heat. It attacks clay crucibles. Bismuth tri- 
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chloride, BiCla, formed when bismuth is burned in chlorine or 
when a stream of chlorine is directed against melted bismuth 
in a retort, was formerly called butter of bismuth. A crystallized 
hydrated chloride of bismuth may be made by dissolving the 
metal in aqua regia. The trichloride dissolves in hydrochloric 
acid and forms bismuth oxychloride when added to water. 
Another chloride of bismuth, Bi2Cl4, has no analogues among the 
other members of the group. Bismuth nitrate, formed by dis- 
solving bismuth in nitric acid appears as Bi(N03)3*3H20, 
which is very soluble in water acidulated with nitric acid. In 
pure water submtrates are formed having formulas, BiONOa, 
Bi(0H)2N03 or Bi0H(N03)2. 

Bi(N 03 ) 3 -f-H >0 BiONO3-h2HN03 

337. Problems. 

1 Show how much phosphorus can be obtained from 75 kilograms of 
bones if the bones average 75% of calcium phosphate 

2. How many liters of phosphine can be made from the action of 3 
grams of phosphorus with sodium hydroxide? 

3. How much hydrogen sulphide is required to react with S grams 
of arsenic trioxide? 

4 How much hydiochloric acid is required to react with 10 grams of 
antimony sulphide? 

Sb2S3+6HCl-^2SbCl3+3H2S T 

5. How much antimony oxychloride is formed when 5 grams of 
antimony trichloride in solution are poured into water? 

SbCh-hSHsO -> Sb0CH-2HCl+2H20 

6 Write the quantitative equations for the formation of the basic 
nitrates of bismuth according to the equations 

Bi(N 03 ) 3 + H 0 O-.B 1 ONO 3 + 2 HNO 3 
Bi^NGaW H 2 O Bi0H(N03)24-HN03 
Bi(N03)3+2H20-^ Bi(0H)2N034'2HN03 

To Find the Atomic Weight by Using the Specific Heat 

It has been found that the atomic weight of an element multiplied by 
its specific heat is approximately equal to 6-4. Conversely, 6.4 divided by 
the specific heat will give the atomic weight. Since the specific heat of a 
substance will sometimes vary with the temperature it will be found that 
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the results will not be absolutely rigid The method serves a ireful pui^ose 
by helping one to decide which of two possible atomic weights should be 
tien, as the one which found by the method of molecular weights more 
nearly agrees with that found by the method of specific heat, is probably 

the correct weight. ^ i r xi. u i 

1, The table showing specific heat is given in the back oi tne book, 

Table 17. From this table find the atomic weight of any metals as selected 

by the mstructor ^ , u ^ 

2. From the table of common elements given in §21 find the specmc 

heat of metals as selected by the instructor. 
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BORON AND SILICON, GLASS MAKING 

Boron, Symbol, B. Atomic Weight, 10.9. Valence 3. 

338. Occurrence. Boron occui-s in nature as boric acid or 
as borates, of which the most important are sodium tetraborate 
or borax, calcium borate and a double borate of calcium and 
sodium. It occurs in different modifications such as the amor- 
phous and adamantine forms. 

At present there are no commercial applications of boron. 
The most important compounds of boron are borax, Na2B407, 
chemically known as sodium pyroborate or tetraborate, and 
boric acid, HsBOs* 

339. Sodium tetraborate, or borax, Na2B407.10H20, is 
formed when boric acid reacts with sodium hydroxide or sodium 
carbonate. The radical B4O7 is the radical of tetraboric acid, 
H2B4O7, which may be considered as boric acid minus water, 

4H3BO3 — 5H20“}”H2B407 

Calcium borate is a native compound in Nevada, Cahfornia, 
Asia, etc., from which borax, Na2B4O7*10H2O, maj^ be derived 
by treatment with sodium carbonate. 

CaB 407 +Na 2 C 03 CaCOg I -|-Na2B407 

A solution of borax is slightly alkaline. When heated to redness 
it loses its water forming a bead of transparent glass. 

Na 2 B 407 NaaO t 4 - 2 Ba 03 

Borax is soluble m 17 parts of water at 25®, in 1 part at 80®, and 
in 0.5 part at 100®. 

340. Uses. Borax combines with certain oxides of metals 
when heated, and is, therefore, used to test for certain metals. 

245 
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(See §342.) Furthermore this property of combining with the 
oxides enables it to give a clean surface to metals, so that in 
soldering, the surface of the metal is first washed with a borax 
solution which causes the solder to adhere better to the clean 
surface. Zinc chloride and rosin are used for the same purpose. 
Some solder is made in the form of a hollow wire, packed with 
rosin. Borax is used in the manufacture of porcelain, as a 
preservative, to soften water, etc. 

341. Boric Acid, H3BO3, sometimes called boracic acid, 
an obsolete name, occurs free in many volcanic regions as in 
Tuscany, where the gases from volcanoes containing boric acid 
pass through water, thus dissolving the acid, which may be 
recovered by evaporating the liquid. Boric acid may be made 
from borax by the action of hydrochloric or sulphuric acid, which 
is added in small quantities until the liquid reddens blue litmus 
paper, when it is allowed to cool and crystals of boric acid 
separate. The final equations may be written as follows: 

3Na2B407+6HCl-<^ 2H3BO3 i -i-5B203+6NaCl 

Na2B407+H2S0^+5H20 -s. Na2S04+4H3B03 

342. Properties. Boric acid occurs as pearly scales, greasy 
to the touch. They dissolve in 26 parts of water at 19® or in 
three parts at 100®. It is also soluble in alcohol. The taste of 
boric acid is faint, bitterish and somewhat acid. Boric acid is 
only slightly ionized, and is, therefore, known as a weak acid. 
It is so mild that it is used as an antiseptic wash for inflamed 
eyes. It has only a slight effect on litmus, turning blue litmus 
wine color. When boric acid is dissolved in alcohol and ignited 
it forms boric ether, (C 2 H 50 ) 3 B, and burns with a beautiful 
green flame. When heated, boric acid loses water forming boric 
oxide 

2H3B03->3H20FB203 

Boric oxide thus formed is a transparent, glassy substance in 
which many oxides dissolve at redness, giving variously colored 
borates, thus serving as a test for metals. Borax does the same. 
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343. Some of the Colors Obtained with the Borax Beads 

are shown herewith: 


OUTER OR OXIDIZING FLAME 

INNER OR REDUCING FLAME 

INDICATES 

Hot 

Cold 

Hot 

Cold 


Amethyst to violet 

Amethyst to violet 

Colorless 

! Colorless 

Mn 

Green 

Bluish green 

Colorless 

i Brown to red 

Cu. 

Yellow 

White 

Gray or colorless 

Gray or colorless 

Zn. 

Yellow to red 

Colorless to yellow 

Green 

i Bottle-green ' 

Fe 

Violet 

Reddish brown 

Gray 

Gray 

Ni. 

Blue 

Blue 

Blue 

Blue ' 

Co. 

Yellow 

Grass-green 

Green 

Emerald-green 

Cr. 

Colorless 

Colorless 

Gray 

Gray 

Ag 

Violet to blood-red 

Brownish violet 

Yellow 

Bottle-green 

j Mn. Fe 

Plum-eolor 

Plum-color 

Biuisb green 

Blue 

Mn. Fe, Co. 


344. Uses of Boric Acid. Boric acid is used chiefly as a 
mild antiseptic and to form borax beads. 


Silicon. Symbol, Si. Atomic Weight, 28,3. 

Valence 4. 

345, Occurrence and Preparation. Next to oxygen, silicon 
is the most abundant element, forming about one-fourth of the 
earth^s crust. It occurs only in combination, either as silicon 
dioxide, SiOs, or as silicates of potassium, sodium, calcium, 
aluminum, etc., which are the most important constituents of 
ail rocks except the limestones. Like boron, silicon exists in 
two forms, amorphous and crystalline. Amorphous silicon may 
be formed by fusing a mixture of sand and coke in an electric 
furnace, using less coke than for carborundum. (§346.) 

2C4-Sx 02-^2C0 T -fSi 

Although silicon may be used in the thermit process, (§442), 
it is not otherwise very important as an element, and its prop- 
erties will not be studied. 

346. Silicon Carbide or Carborundum, SiC. When finely 
powdered sand is mixed with carbon and sodium chloride and the 
mixture subjected to the highest temperature of the electric 
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furnace (3500"^), a reaction between the silicon of the sand and 
the carbon occurs as follows: 




Ft G. 93. The Manufacture of 
Carborundum. 


3C-fSi02~>2C0t +SiC 

In the commercial 
manufacture of silicon 
carbide a furnace hav- 
ing a capacity of 1,000 
to 3,000 horse power is 
used. In a 1000 horse 
power furnace the elec- 
trodes are 10 inches in 
diameter and 40 inches 
long. The voltage varies 
from 125 to 160. Full 
voltage is used at the 
beginning and after 3 
hours it is reduced to not 
over 100. The energy 
consumed is usually 22,- 
500 kilowatt hours during 
an interval of 32 to 34 
hours after which the 
current is shut off but the 
walls are allowed to stand 
24 hours to prevent oxi- 
dization. (See Fig. 93.) 
The cost of production 
nearly doubled from 1915 
to 1918. 

Carborundum is ex- 
tremely hard and, there- 
fore, useful for grinding 
glass and other substan- 
ces where diamond was 
formerly employed. Acids 
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do not affect it to any marked extent, but it is decomposed by 
strong alkalies. When powdered and heated in a stream of 
oxygen the carbon is burned out only with great difficulty. 
The most refractory variety of carborundum is unaffected by 
oxygen, ozone or sulphur at 1650®, and it is used for furnace 
linings. Carborundum is sold as carborundum paper, in the 
powder, as wheels, as knife sharpeners, etc. See Crystolon §444. 

Silicon Dioxide or Silica, S 1 O 2 

347, Occurrence. Silicon dioxide is found in quartz, 
flint, agate, and in a granulated form in sands and sandstones. 
As rock crystal it exists pure and crys- 
tallizes in six-sided prisms crowned at 
each end by six-faced pjrramids. (Fig. 

94.) Sandstone consists of grains of 
sand, SiOa, cemented together into a 
rock by cementing materials, such as 
calcium carbonate, iron oxide, silica or 
clay. The presence of iron causes a 
reddish color. Sandstones are usually 
soft and weather easily. In an amor- 
phous condition it is found in such sub- 
stances as opal and s<)metimes occurs 

as a deposit of powder. It is found in a Crystal of Quartz, 

solution in the water of geysers and 
exists in the stems of plants. (Fig. 95.) 

348, Preparation. Silicon dioxide may be prepared by 
melting sand with sodium carbonate. The mass is dissolved 
in water; hydrochloric acid is added causing separation of silicid 
acid; it is then evaporated to dr 3 aiess, moistened with hydro- 
chloric acid and treated with water which causes the silicon 
dioxide to fall as a fine powder. It may also be formed by 
burning silicon. 

349, Physical Properties. Pure silicon dioxide as found in 
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quartz crystals, has a specific gravity of 2.65, and is colorless or 
slightly colored by impurities. It is seventh in the scale of 
hardness. It melts only in the flame of the oxyhydrogen blow- 
pipe and may be reduced by charcoal in the electric furnace. 
It is insoluble in water, in boiling solutions of caustic alkalies 
and in all acids except hydrofluoric. Amorphous silicon dioxide 
such as flint, dissolves in boiling alkahes. Silicon dioxide does 
not expand when heated, making it valuable for chemical ware 
since the vessels made from it may be heated to redness 
and plunged into cold water without breaking, unless repeated 



Fig. 95 Sihca Mine. 

too frequently. It is made into test tubes, crucibles, evapo- 
rating dishes, etc., and may be obtained as either the trans- 
parent or the opaque, the latter being much cheaper than the 
‘former. It is sold under several names, such as silica ware, fused 
mountain crystal ware, vitreosil, etc. 

350. Chemical Properties. Hydrofluoric acid reacts with 
silicon dioxide forming water and silicon tetrafluoride. Fused 
with solid alkaline hydroxides or carbonates, silicon dioxide 
forms a glassy mass known as water glass which is an alkaline 
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silicate. If hydrochloric acid is added to a dilute solution of 
water glass or sodium silicate, the reaction, theoretically, gives 
silicic acid and sodium chloride, 

Na4Si04-f-iHCl H4Si04+4NaCl 

but the acid loses one molecule of water becoming H2S1O3, 
which is the usual formula for the acid. The sodium chloride 
may be removed by washing and when the silicic acid is heated 
all of the water is driven off and sihcon dioxide remains. 

Sodium silicate is described under the sodium compounds. 

351. Uses of Silicon Dioxide. In addition to its use as 
laboratory apparatus, silicon dioxide finds many applications. 
vSome varieties are used for ornaments owing to the impurities 
that are found in the crystals. Among the impure varieties are 
smoky quartz, rose quartz, amethyst, etc., or when the impurity 
undergoes change during the growth of the crystal, variegated 
crystals result giving jasper, agate, catseye, etc. Varieties 
known as chalcedony, opal and flint have water in combination. 
Rock crystal is used for optical lenses; infusorial or diatomace- 
ous earth (Tripoh) is used in pohshing powders and for removing 
the color from oils; kiesel-guhr for dynamite; sandstone for 
building, sand in making mortar, porcelain and glass. 

352. Glass Making. Glass is an amorphous, usually trans- 
parent mixture of different silicates, one of which is always 
alkaline; the ones most frequently used being the silicates of 
sodium, potassium, calcium and lead. From its general behavior 
towards solvents in which, with the exception of hydrofluoric 
acid, glass is insoluble, and from its widely varying composition 
glass must be called a mixture and not a definite chemical 
compound. Most silicates and mixtures of silicates are difficult 
to fuse and after fusion crystallize, but the silicates used in glass 
making fuse easily, and have no sharply defined melting point; so 
that after fusion the mass becomes pasty before becoming rigid 
which permits its being blown and manipulated. 
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Glass is usually divided into two kinds, lime glass and lead 
glass. The materials used in lime glass are silica, an alkali and 
lime, while in lead glass, lead is substituted for the lime. 
Quartz sand is usually used to supply the silicon dioxide, quartz 
or flint being used for the finer grades. The alkali may be an 
alkali of sodium or potassium or both. The carbonate or sul- 
phate is generally used, the carbonate fusing more easily while 
the sulphate is cheaper, but requires carbon to help reduce it. 
For lead glass sulphates are not used because lead sulphide would 
be formed which would darken the glass. The lime is usually 
chalk or limestone, or for finer grades pure marble dust free 
from iron, while for cheaper grades, less pure limestone and 
often some feldspar and granite are added. In lead glass the 
lead is added as litharge, PbO, or as red lead, Pb 304 , the latter 
being preferred, but each must be free from copper. In addition 
to the above materials certain decolorizing substances are added 
such as manganese dioxide, arsenic trioxide or potassimn nitrate. 

The materials are melted in the ‘^pot,^’ which may be open as 
for lime glass, or closed as for lead glass. It is carefully con- 
structed of the best quality 
of fire clay, the process of 
making and aging requiring 
several months . Before the 
pot is put into the regular 
furnace it is heated in a 
special furnace until it is 
as hot as the required tem- 
perature, and is transferred 
without cooling either the 
pot or the furnace to the 
interior of the furnace 
through the wall. (Fig. 96 .) 
It is tlaen used continually 
without cooling until it 
wears out, the first , charge being old glass to glaze the inside 



Fig. 96. A Glass Furnace. 
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and to prevent the solvent action of melted new materials. It 
is then charged with the new mixture or ‘^batch^’ and old glass 
is added to make liquefaction easier and then the pot is filled 
with more batch until it contains the desired amount, and the 
decolorizing matter is added. Much carbon dioxide, sulphur 
dioxide, and oxygen escape and the alkali and other materials 
volatilize to some extent. 

The reactions that occur are very complex and are not fully 
understood, and since different materials are used the composi- 
tion of glass varies and is given by several different authorities 
as 2 Na 2 Si 03 , Na 2 Ca(Si 03)2 or 2(Na20,3Si02), etc. After the 
glass melts it is allowed to cool until it becomes a homogeneous 
pasty mass after which it is manipulated according to the pur- 
poses for which the glass is to be used. It is then annealed in 
the annealing furnace to make it tough and less brittle. Anneal- 
ing is simply slow cooling and may be conducted in various ways, 
one of which is to pass the glass through a long room on an end- 
less carriage, the room being heated to a high temperature at 
the side where the glass enters and cool where the glass is 
removed. 

Plate glass is usually a soda lime glass. The glass is poured 
upon a large cast iron casting table and rolled with a heavy iron 
roller, then annealed and ground to the required thickness and 
polished. 

Window glass is always blown and is usualty a soda lime glass. 
The glass is blown into a long cylinder open at both ends. It 
is cut lengthwise with a diamond and when placed in the anneal- 
ing furnace softens and opens. 

In cut glass the design is cut in the sohd glass which has been 
given its shape by blowing or pressing. The cutting is done with 
a soft steel, copper or sandstone wheel whose cutting edge is 
fed with sand or emery and water. (Fig. 97.) Lead glass is 
usually used as it is softer and takes a better polish. 

Pressed glass is made by the use of a die or mold and is very 
much cheaper than cut glass. 
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Variously colored glass may be made by adding different 
coloring matter to the batch. Green may be produced by adding 

ferrous oxide, etc 
Yellow is produced 
by sulphur or car- 
bonaceous matter, 
cadmium sulphide, 
silver, etc. Blue is 
produced by cobalt 
oxide, cupric oxide, 
etc. ; red by metallic 
copper, gold or 
cuprous oxide ; white 
by adding cryolite 
or fluorite with 
feldspar to common 
glass; while black 
glass contains pyrolusite, iron, etc. Various other colors may 
be made by appropriate coloring materials. 

A working composition for glass for pressed tumblers is sand 
100 pounds, soda ash 34 pounds, lime 12, sodium hydroxide 10, 
potassium nitrate 1, arsenic manganese dioxide 5 oz. 

Glass for electric light bulbs may be composed of sand 100 
pounds, soda ash 30, lead tetroxide 35, lime 5, potassium nitrate 
4, borax 2, manganese dioxide 34 arsenic trioxide 34- 

For manufacturing glass milk bottles a typical formula gives 
sand 2,000 parts, sodium carbonate 750, lime 250, sodium 
nitrate 21, manganese dioxide 16, powdered blue 2. 

Non-breakable glass is now made by cementing a sheet of . 
glass on each side of a sheet of pyralin. This does not decrease 
the transparency and the glass becomes tough enough to stand 
severe blows. It will crack when struck with a hammer but 
does not fall to pieces. 

Very pure potassium carbonate is an essential raw material 
in the manufacture of optical glass which was produced in the 


potassium dichromate, chromium oxide. 



Fig 97 Cutting Glass. 
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United States on a large scale during the war for search lights, 
reflectors, field glasses, and optical instrunaents of all kinds. 

353. Problems. 

1. How much hydrochloric acid will react with 15 grams of borax? 
How much of each of the products will be formed^ 

2. What would be the result if sulphuric acid were substituted for 
hydrochloric acid m the preceding problem? 

3. Write the quantitative equations for the decomposition of boric 
acid by heat. 

4. How much potassium will react with 18 grams of silicon dioxide? 

5. How much silicon tetrafluoride will be formed by the action of 30 
grams of silicon dioxide upon hydrofluoric acid? 

6 Find the percentage composition of glass from the formulas 


The Ratio of Molecular Weight to Specific Gravity 


Avogadro’s hypothesis states that equal volumes of all substahces in 
a gaseous condition, under the same conditions of temperature and 
pressure contain the same number of molecules Based upon this law is 
the fact that the molecular vreight of a gas divided by its specific gravity is 
a constant that approximates 28 88. Thus if either molecular weight or 


specific gravity is known the other may be found. 


Mol weighty 
Sp. gVT “ 


1. If the specific gravity of a gas is found to be 0 967 what is its mole- 
cular weight? 

2. If the specific gravity of a gas is found to be 1.524 what is its 
molecular weight? 

3. If the specific gravity of a gas is found to be 1.178 what is its 
molecular weight^ 

4. If the specific gravity of a gas is found to be 0.971 what is its 
molecular weight? 

5 If the specific gravity of a gas is found to be 1.27 what is its mole- 
cular weigh 

6. If the molecular weight of a gas is 34 what is its specific gravity? 

7. If the molecular weight of a gas is 123 what is its specific gravity? 

8. If the molecular weight of a gas is 32 what is its specific gravity? 

9. If the molecular weight of a gas is 160 what is its specific gravity? 

10. If the molecular weight of a gas is 30 what is its specific gravity? 

The results are only approximate and should be compared with results 
obtained by other methods that are more rigid. 
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To Find the Number of Atoms in a Simple Molecule 


Divide the molecular weight by the atomic weight. These may be found 
bv methods previously given. Some of the results are as follows: 



Molecular 

Vapor 

Atomic 

Number 

Element 

weight 

density 

weight 

of atoms 

Oxygen 

32 

16 

16 

2 

Mercury 

200 

100 

200 

1 

Arsenic 

300 

150 

75 

4 

Hydrogen 

2 

1 

1 

2 


The number of atoms sometimes vanes with the temperature Thus at 
500^ sulphur has six atoms to the molecule and above that temperature it 
has only two Phosphorus, arsenic and antimony are said to have tw'o 
atoms in the molecule at 1437°, while at low temperatures they have fom\ 
Zinc, cadmium and mercury have the atom and molecule identical, but 
the regular rule is two atoms to the molecule. The molecular weight of a 
gas is double the vapor density 

From the following data find the number of atoms in the molecule in 
each of the following problems. 



Vapor density 

Atomic Weij 

1. 

62 

31 

2. 

240 

120 

3. 

32.5 

65 

4. 

56.2 

112.4 

5. 

96 

32 

6. 

32 

32 


NOTE 

At this point teachers may find it better for certain classes to select 
the work from the following chapters, instead of requiring the student to 
study the whole of each chapter. 

Chapters XVI-XXII will complete college requirements Chapters 
XXV^XXIII, XXX-XXXIII, XXXVII, XXXVIII and part of XXXIX 
may be used in household chemistry, or others may be selected as desired. 



CHAPTER XVI 


INTRODUCTION TO METALS 

354. Occurrence. Certain metals, such as gold, silver, 
copper, bismuth, etc., occur free in nature but most metals occur 
combined with one or more of the following substances — oxygen, 
sulphur, chlorine, nitrogen, carbon, phosphorus, silicon, etc., 
as oxides, sulphides, chlorides, carbonates, sulphates, phos- 
phates, silicates, nitrates, etc., from which the metal must be 
extracted by certain processes according to the nature of the 
metal and its combination. The largest number of metals are 
obtained from their oxides, sulphides or chlorides. 



Fio. 98. A Simple Reverberatory Furnace. 

365. Extraction. If the metal occurs as an oxide it may be 
obtained by fusing with carbon which unites with the oxygen 
forming carbon monoxide or carbon dioxide, according to the 
conditions. The blast furnace (Fig. 117) or the reverberatory 
furnace (Fig. 98) is usually used, but the high temperature of the 
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electric furnace must be used in some cases. On a small scale 
hydrogen is sometimes substituted for carbon as in the reduction 
of copper oxide. The thermit process (§442) is now used 
commercially for reducing a number of oxides, and the metal 
obtained is free from carbon. 

If the metal occurs as a sulphide it is first roasted in air which 
causes the sulphur to pass off as sulphur dioxide and the metal 
is then in the form of the oxide which may be reduced with 
carbon. Sulphides are sometimes reduced by heating with iron 
(see §324). Sulphides are also treated by flotation, a compara- 
tively new process applied to ores not rich enough to be handled 
otherwise, or to mixed ores to separate one from the others. 
Flotation may be applied to ores of copper, zinc, lead, iron, 
silver, gold, etc. The ground ore — not too fine — is mixed with 
water, sodium resinate and oil, sometimes with the addition of 
soap solution, sodium sulphide, sodium silicate or other material 
depending upon the ore to be treated. The liquid is then agi- 
tated producing a froth containing the sulphide of the metal. 

Flotation is probably due to the occlusion and absorption of 
oxygen by the oil and the sulphide, both of which are oxidizable. 
In selective flotation a solution of soap and sodium silicate may 
be used in such proportion that a froth rich in one metal is first 
obtained. This is separated, the liquid diluted and reagitated 
to produce a froth rich in another metal. For the best results 
the ore should be freshly but not too finely ground. If a mixture 
of lead, zinc and silver ores is mixed with water containing 
bleaching powder and a small amount of frothing material, 
selective flotation of the lead occurs. 

Oxidized ores such as copper oxide and copper carbonate 
may also be treated by flotation. The oil used in flotation 
depends partly upon the ore to be treated. With lead the 
best oil is eucalyptus, particularly with an acid pulp; fol- 
lowed by cresylic acid, hardwood creosote and lastly pine tar 
oils. After the froth containing the metallic sulphide is removed 
the material is concentrated and further treated to reduce the 
ore to a metal. 
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Chlorides may be reduced by heating with some metal as 
' odium, aluminum or magnesium which takes the chlorine 
forming a chloride of the metal used, while the metal that was 
formerly combined is set free. 

Electrolysis is employed to reduce certain salts which are in a 
state of solution or lusion. 

356. Physical Properties of Metals. Metals are those 
elements that are good conductors of heat and electricity, are 
opaque except when in very thin sheets such as gold leaf, have a 
certain metallic luster that does not disappear under the bur- 
nisher, but which does disappear when the metal is reduced to a 
very fine powder. 

The electrical conductivity of a metal is the reciprocal of the 
resistance offered to the passage of the electric current. Thus if 
one metal offers twice as much resistance as another it has only 
half as much conductivity. The standard of resistance is the 
ohm which is taken as the resistance at 0° of a column of mercury 
1 square millimeter in cross section and 1.063 meters long. The 
resistance of all metals increases as the temperature increases 
so that the resistance may be used to determine temperature. 

Most metals may be crystallized under the proper conditions 
such as gold, silver, copper, lead, tin, etc. 

Some may be beaten or rolled into thin sheets and are called 
malleable, such as gold and lead. In malleability the metals are 
arranged in the following order; Gold, silver, copper, tin, plati- 
num, lead, zinc, iron and nickel. Gold leaf may be made so thin 
that it measures less than 0.0001 mm. in thickness. Arsenic, 
antimony and bismuth are brittle and may be reduced to a 
powder in a mortar. 

Other metals may be drawn into fine wires and are called 
ductile as silver, copper and platinum. Those that are ductile 
are also tenacious, or capable of resisting the strain that tends to 
tear their molecules asunder. The tenacity of a metal is 
measured by the number of kilograms which apiece of the metal 
having a cross sectional area of one square millimeter can sustain 
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without breaking. The values are: Iron, 62; copper, 42; 
platinum, 34; silver, 29, gold, 27; aluminum, 20; zinc, 5; 
lead, 2. (See Table 19.) 

Most metals are hard but sodium and potassium are soft. 
(See Tables 10 and 12.) Hardness is measured by the ease with 
which the substance may be cut. Caesium is the softest and 
chromium the hardest metal. Commercially hardness is 
measured by the Brinell hardness tester. This method is based 
upon the depth of the indentation made in the metal when a 
standard ball is pressed against it with a pressure up to 3000 Kg. 

Most metals are sohd at ordinary temperatures, but mercury 
is a liquid, except below — 40°. 

Most metals may be melted with comparative ease, but osmium 
will not melt in the oxyhydrogen flame which easily melts 
platinum, while an ordinary blast lamp will melt copper and 
many other metals. Those having a low melting or fusing point 
may be readily distilled while those with a high melting point 
can hardly be made to turn bo a vapor. Some metals are volatile 
at moderate temperatures as mercury, 357°; potassium and 
sodium, 700°; cadmium, 770°; zinc, 950°; while others require 
the temperature of the electric furnace. (See Table 17.) 

Some metals are light enough to float on water as sodium, 
potassium and lithium, and have great chemical energy, while 
others are heavy, as lead, gold and platinum, and are not active 
chemically, those having the lowest specific gravity being gener- 
ally the most energetic. The specific gravity of the metals 
(water = 1) varies from lithium (0.59) to osmium (22.5). The 
light metals, potassium, sodium, lithium, calcium, magnesium, 
aluminum, strontium and barium have a specific gravity less 
than 5. The others are known as heavy metals. (See Table 13.) " 

Every metal has certain properties, either physical or chemical 
which distinguish it from eoery other substance, metallic or non- 
metallic, although many of them have several common prop- 
erties. These facts are made the basis of analytical tests which 
first determine by the general properties the large group to which 
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the metal belongs, while the special tests that show the special 
properties determine which metal of the group we have. It is 
well to remember that the grouping for analytical tests is differ- 
ent from the grouping according to the periodic law. 

357, Chemical Properties. The metals form compounds 
with each other and with the non-metals with varying energy. 
All metals unite with chlorine, forming chlorides, with oxygen 
forming oxides, and with sulphur forming sulphides. Some, 
such as magnesium and boron, unite with nitrogen forming 
nitrides, and most of them unite either directly with the more 
important acids to form salts or the salts are formed by methods 
such as are given in §§165 and 166. 

368. Alloys. When metals combine with each other they 
are known as alloys. The combination does not always form 
definite chemical compounds since the metals will unite in almost 
any proportion so that in general they seem to be rather a solu- 
tion of one metal in the other. The fusing point is not always 
as definite as in the case of a true chemical compound and is 
usually lower than the fusing point of any of the components. 
Several alloys are known that fuse below the boiling point of 
water so that they melt as wax when held in steam or hot water. 

369. Amalgams. When a metal such as zinc, gold, etc., 
unites with mercury the alloy is known as an amalgam. The 
combination usually occurs easily at ordinary temperatures and 
is sometimes violent, as when sodium and mercury are com- 
bined even in small amounts. 

360. Metallic Salts. Metallic salts may be grouped accord- 
ing to the nature of the radical with which the metal is combined. 
Generally an acid may be obtained that has the same general 
formula as the salt with the exception that hydrogen instead of a 
metal is combmed with the radical. The most impoitant metal- 
lic compounds are those that occur in the greatest abundance 
and have the widest application. Among these are chlorides 
oxides, hydroxides, sulphides, sulphates, nitrates, chlorates, 
phosphates, carbonates and silicates. 
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ALKALINE METALS 

Sodium, Potassium, Ammonium, and Lithium 

361. ComparisoD of Metals. Sodium, potassium and 
lithium resemble each other in many respects. They are all 
lighter than water, upon which they float and with which they 
react chemically, evolving hydrogen. When exposed to the 
air they tarnish rapidly and therefore must be kept under 
petroleum or other oxygen-free oil. They are known as the 
alkaline metals because they form strong alkalies when reacting 
with water. 

Comparison of the metals of this chapter: 


Metal 

At. Wgi 

Valence 

Specific 

Gravity 

Melts 

1 

Bods 

Color of 
Flame 

Li 

6 94 

1 

0 534 

186° 

1400° 

Red 

Na 

23 00 

1 

0 9712 

97° 

877 5° 

Yellow 

K 

39.10 

1 

0.865 

62 3° 

667° 

Violet 


362. Comparison of Salts of the Alkaline Metals. The salts 
of the alkaline metals are usually whttej and most of them are 
easily soluble m water. Some of the salts are highly colored, 
particularly some of the compounds of potassium and sodium, 
such as the permanganate, chromate, dichromate, ferrocyanide, 
ferricyanide, etc. In general the chemical action of the sodium 
and potassium salts is the same, but it is usually advantageous 
to use the sodium salts instead of potassium where the same 
action is secured, for the reason that the cost of the sodium salts 
is less than that of the potassium salts, and since the atomic 
weight of sodium is less than that of potassium the percentage 
of the radical will always he higher when combined with the sodium 
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than when combined with potassium, thus permitting the use 
of a smaller amount to secure the same results. 

363. Sodium. Sodium is very widely distributed and ahund-- 
ant^ occurring chiefly in sodium chloride, sodium nitrate found 
in Chile, and in cryolite, in Greenland. It never occurs free. 
Sodium forms about 23^% of the crust of the earth. 

364, Preparation. Sodium was formerly prepared by the 
reduction of sodium carbonate by carbon in the form of char- 
coal or powdered anthracite coal when heated to about 1400°. 
It is now made largely by the electrolysis of fused sodium 
hydroxide, the electrodes being iron, (Fig. 99.) Sodium collects 


at the cathode in a collecting 
pot and is kept from mixing 
with the sodium hydroxide 
by a wire gauze. It is kept 
from oxidizing by the hydro- 
gen that is set free at the 
cathode. The sodium is re- 
moved from time to time. 

Sodium may be produced 
from salt by heating a mix- 
ture of 117 parts of sodium 
chloride with 80 parts of 80% 
pure calcium carbide to a 
temperature of 1200° to 
1300°. This forms calcium 
chloride, sodium and carbon. 
The sodium may be separ- 
ated by vaporizing and con- 
densing. 

366. Properties and Uses. 

The action of metallic sodium 



Fig 99. Electrolytic Manufacture of 
Sodium 


upon water gives sodium hydroxide, which may be shown by 
phenolphthalein, producing a magenta color. The hydrogen, 
evolved at the same time, does not burn unless the water is 
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warmed. The decomposition frequently ends with a slight 
explosion, but this is violent if large pieces of sodium are used. 
Sodium has a bright surface that is easily tarnished in the air, 
and is, theretore, kept under petroleum, kerosene, or other 
oxygen-free oil. It was formerly used as a reducing agent to 
separate such metals as magnesium, aluminum and silicon 
from their chlorides, but it is not so important for that purpose 
since electrolysis has been so widely applied. 

366. Sodium Chloride, or common salt, NaCl, is widely 
distributed either as deposits of rock salt or dissolved in the 
ocean water. If the salt is to be obtained from a salt deposit, 
water is pumped into the deposit, left until saturated, pumped 
out and evaporated, or if it is to be obtained from sea water the 
water is simply evaporated. The evaporation in all cases is 
conducted as far as possible without the aid of heat so as to 
cheapen the product. In hot countries the sun does a large part 
of the work. In cold countries the brine freezes and as the ice 
contains no salt it is removed from time to time until fire can 
be used with advantage. The brine is often allowed to trickle 
over bundles of twigs, thus exposing a larger surface to the air. 
When thus prepared, salt always contains sodium sulphate, 
calcium chloride and magnesium chloride, the last two causing 
it to attract moisture. Sodium iodate is also found m sea salt 
and is a desirable impurity, owing to its physiological action. 

367. Properties. Sodium chloride crystallizes in colorless 
transparent cubes, often arranged as hollow p 3 a’amids or 
hopper-like masses. (Fig. 100.) A small amount of water is 
mechanically enclosed, but not as water of crystallization, and 
this water is given off when the salt is heated, causing a crackling 
sound known as decrepitation. Sodium chloride melts at 800® 
and volatilizes at redness. One part of salt dissolves in 2.78 
parts of water at 14® and in 2.48 parts at 100® so that it is only 
slightly more soluble in hot water than it is in cold, A saturated 
solution boils at 109.7®, and at 8® has a specific gravity of 1,205. 
Salt is used for preparing many other sodium compounds. 
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368. Uses of Salt. In addition to its use as a condiment by 
men and animals, salt finds wide commercial application as a 
preservative and in the preparation of both metallic sodium and 
many of the sodium salts. A number of the important sodium 
compounds are made directly from salt, such as the sulphate, 
carbonate, bicarbonate, and hydroxide, while others are derived 
from the secondary products of salt, such as the phosphates 
made from the carbonate, the oxide and dioxide made from 
metallic sodium, etc. Sodium nitrate and sodium tetraborate 



Fig. 100. A Crystal of Sodium Chloride. 


(borax) are found free in nature in large quantities, while sodium 
carbonate is found free to a smaller extent, but the chloride is the 
most important of all of the sodium compounds when the prod- 
ucts made from it, either directly or indirectly, are considered. 
Nearly three and one-half million tops are used in the United 
States each year, and more than 15,000,000 tons in the world, 
with a value of over $50,000,000. More than two-thirds of the 
salt produced in the United States comes from New York and 
Michigan, but the purest rock salt comes from Virginia. It 
contains 99.55% of sodium chloride. 
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369 . Sodium Sulphate, Na 2 S 04 , known as Glauber’s salt 
because first made by Glauber, is produced when sulphuric acid 
acts on sodium chloride at high temperatures in the manufac- 
ture of hydrochloric acid. It may also be made by the action 
of a concentrated solution of sodium chloride on magnesium 
sulphate. If the crystals of the salt are formed below 33° they 
contain 10 molecules of water, but between 33° and 40° they con- 
tain no water. The water is partly given off when the crystals 
are heated to 33° at which temperature the salt is most easily 
soluble, when 100 parts of water wiU dissolve 332.6 parts of the 
salt, while at 25° only 100 parts, and at 50° only 263 parts will 
dissolve in the same amount of water. When exposed to the air 
the sulphate effloresces (loses its water) and crumbles to a white 
powder. If the temperature is low in making the sulphate, the 
acid sulphate, NaHS 04 , is formed. Sodium sulphate is used in 
medicine, in the laboratory for producing cold, in the manu- 
facture of sodium carbonate, glass, etc. 

370 . Sodium Carbonate, Na 2 C 03 , ranks next to the chloride 
in importance, being used in enormous quantities in making 
soap and glass and for washing purposes. It is the substance 
commonly called soda, or washing soda, and is found in small 
quantities in some parts of the world, as in Russia and California, 
but the larger amount used is made from sodium chloride, a 
process dating from the French Revolution, when Le Blanc 
invented his process after the supply of potash had been cut off 
from France. It was at one time derived from the ashes of sea 
plants, but is now made either by the Le Blanc process or by a 
later method, known as the axmnonia or Solvay process, which 
is gradually displacing the older method. 

371 . Preparation. In the Le Blanc process the sodium 
chloride is first converted into sodium sulphate by sulphuric 
acid, the equation being the same as for the manufacture of 
hydrochloric acid when a high temperature is used. (§223.) 
The sodium sulphate thus produced is about 95% pure and is 
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known as the salt cake. The sodium sulphate is then changed 
into sodium sulphide by heating with charcoal, 

Na 2 S 04 + 2 C Na2S+2C02 1 

and the sulphide is reduced by heating with chalk or limestone, 
NaoS+CaCOs NaoCOs+CaS 

In practice the change from sodium sulphate to sodium carbon- 
ate is brought about by mixing 1000 parts of the sulphate with 
1040 parts of calcium carbonate and 580 of coal. The mixture 
is then dried, put into a reverberatory fuimace and thoroughly 
dried in compartment b. (See Fig. 101.) It is then transferred 
to compartment a where the intense heat of the flames, bent 



Fig 101. The LeBlanc Proceps of Manufacturing Sodium 
Carbonate 


downward by the arched roof, brings about the reduction. The 
product, known as ^‘biack ash,’’ contains from 37 to 45% of 
sodium carbonate. This is dissolved out with as little water 
as possible and the solution is transferred to compartment d 
where it is concentrated by the waste heat of the furnace. It 
is then drawn off into compartment c where it is evaporated to 
dryness giving '%oda ash,” Na2C03.2H20, which is dried by 
heat to drive off the water, -thus obtaining the purified soda of 
commerce. When this is dissolved in water and crystallized, it 
forms large crystals, Na2CO3.10H2O, known as crystallized 
soda. 



268 


CHEMISTRY IN EVERYDAY LIFE 


In the ammonia or Solvay process concentrated solutions of 
ammonium acid carbonate and sodium chloride are mixed. 

NH4HC03+NaCl NaHC03+NH4Cl 

The acid carbonate is not very soluble in water and crystallizes 
out, leaving ammonium chloride in solution. The carbonate is 
then heated, by which it is partially decomposed giving off car- 
bon dioxide and water and forming the normal carbonate, 
2NaHC03 NaaCOs+COo j *f H 2 O 

The carbon dioxide is passed into ammonium hydroxide forming 
more of the ammomum acid carbonate. In order to keep up the 
process, however, limestone is heated to evolve more of the 
carbon dioxide for the production of the ammonium acid car- 
bonate, and at the same time lime is produced which is used to 
recover the ammonia from the ammonium chloride. (Fig. 102.) 



Fig. 102. Outline of the Solvay Process. 


More than half of the soda now used is manufactured by the 
ammonia process. 

372. Properties. When heated, the crystallized sodium 
carbonate loses its water in which the crystals melt. When ex- 
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posed to the air for a while they lose their water and crumble 
to a white powder. Sodimn carbonate is very soluble in water 
with evolution of heat, about seven parts of the salt dissolving 
in 100 parts of water at 0° and 45.2 parts dissolve if the water is 
at a temperature of 100®. The latter solution boils at 104.6®. 
It is used for cleaning. Sodium carbonate may be considered 
as being the product of a strong base, NaOH, with a weak 
acid H2CO3. It is, therefore, strongly alkaline in its nature. 
When made into solution vnth. water, the water is slightly 
ionized and reacts with the sodium carbonate, forming sodium 
hydroxide and sodium bicarbonate 

Na 2 C 03 +H 20 NaOH-fNaHCOa 

373, Sodium Acid Carbonate, NaHCOs, commonly called 
sodium bicarbonate or baking soda, is formed when the normal 
carbonate is made by the ammonia process, or it may be made 
by passing carbon dioxide over the normal carbonate dissolved 
in its water of crystallization. It is less soluble in water than 
the normal carbonate, about 10 parts dissolving in 100 parts 
of water at 20® to 25®. It is salty in taste and slightly alkaline 
in its reactions. When mixed with an acid or an acid salt it gives 
carbon dioxides It is used in baking and is known as baking 
soda. Baking powder usually consists of sodium acid carbonate 
mixed with an acid salt or an acid such as potassium acid 
tartrate (cream of tartar) KHC4H4O6, or with tartaric acid, 
H2C4H4O6, alum, etc. The carbon dioxide escapes and causes 
the dough to swell. Various other substances are used in baking 
powders, some of which are undesirable on account of forming 
insoluble or injurious compounds. When baking soda is heated 
alone it loses half of its carbon dioxide and is changed into the 
carbonate, so that if it is used alone in baking, or if too much 
is used for the cream of tartar the excess of baking soda yields 
the carbonate which produces a yellow color in the flour, with 
an unpleasant odor and an acrid taste. Sodium carbonate acts 
upon the gastric juice and interferes with the digestion. A solu- 
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tion of sodium bicarbonate is used in several types of fire extin- 
guishers. (See Fig. 78.) 

Instead of using carbon dioxide formed by the action of sul- 
phuric acid upon sodium bicarbonate, a new method makes use 
of a preparation known as foamite. This consists of solutions 
of aluminum sulphate and sodium bicarbonate contained in 
separate tanks and mixed together just as they are played upon 
the burning surface, producing carbon dioxide as shown by the 
following equation. 

6NaHC0,-|-Al2(S04)3-^ 6CO2 1 +3Na2S044-2Al(0H)3 f 

The sodium bicarbonate contains an extract of licorice root. 
It does not take any part in the chemical reaction but the 
aluminum hydroxide formed as shown in the equation and the 
foamite when coming together produce a viscous mixture having 
a very low surface tension and when the carbon dioxide comes 
in contact with it a tough and durable foam is produced having 
a thick, creamy appearance. This cuts off the air supply and 
there is practically no transference of heat through the foam 
which does not soak in and injure the burning material. It is 
especially valuable in oil fires and has also proved effective for 
extinguishing fires in burning buildings. 

374, Sodium Hydroxide or caustic soda, NaOH, is a white 
solid readily soluble in water with rise of temperature. The 
solution is strongly alkaline. Solid sodium hydroxide absorbs 
water and carbon dioxide from the air. It may be made by 
treating a rather dilute boiling solution of sodium carbonate 
with milk of lime. 

Na2C03+Ca(OH)2->2NaOH4-CaC03 j 

The sodium hydroxide is decanted from the insoluble calcium 
carbonate and is evaporated in iron kettles until it becomes 
stiff. Some sulphides are present and these are oxidized either 
by blowing air through the mass or by adding sodium nitrate. 
It is also made by the electrolysis of sodium chloride solution, 
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the sodium reacting with the water after the chloride is decom- 
posed so that the final equation will read 

NaCl+H.O NaOHH-H t -f Cl t 

The sodium is formed at the anode and amalgamates with mer- 
cury, with which the floor of the apparatus is covered. (Fig. 
103.) By rocking the apparatus the amalgam is brought into a 
central compartment where it is decomposed by the current 
after which it unites with the water to form the hydroxide. 



Fig. 103. Electrolytic Manufacture of Sodium Hydroxide. 


376. Sodium Oxide, Na20, is a grayish solid formed when 
sodium is exposed to the air. Sodium dioxide, Na202, formed 
by heating sodium in dry air to 300°, is often used as a bleaching 
agent and may be used to prepare oxygen. It is known com- 
mercially as ‘bxone.’’ When thrown into water it decomposes 
in part yielding sodium hydroxide and oxygen. With acids it 
yields hydrogen peroxide. Oxone is used as the source of 
oxygen in the pulmotor, used for resuscitating persons over- 
come by gases or when nearly drowned. The oxygen is puri- 
fied by passing it through water. See Fk. 13. 
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376. Sodium Nitrate, NaNOs, or Chile saltpeter, occurs in 
Peru and Chile, the deposits being called caliche. (Fig. 104.) 
It is a transparent crystallized solid largely used in making 



Pig. 104. A Bed of Sodium Nitrate, Known as “Caliche.” 


nitric acid and as a fertilizer. It cannot be used satisfactorily as 
a substitute for potassium nitrate in making gunpowder, since 
it does not decompose rapidly and attracts moisture from the 
air. (See Chapter 40). For the use of sodium nitrate as a 
fertilizer, see Chapter 29. 



Fig 105. Mining Sodium Nitrate. 
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377. Sodium Phosphates, The most important and the 
most easily made phosphate of sodium is the secondary phos- 
4)hate, or di-sodium phosphate, Na2HP04, which may be made 
by adding sodium carbonate to a solution of phosphoric acid 
until an alkaline reaction is shown; or it may be made by neu- 
tralizing calcium acid phosphate, obtained from bone dust and 
dilute sulphuric acid, with sodium carbonate. If a solution of 
the secondary phosphate is treated with an excess of sodium 
hydroxide and then evaporated, the tertiary, or normal phos- 
phate, Na3P04, is formed. This salt dissolved in water has an 
alkaline reaction, while the mono- or primary phosphate, 
NaH2P04, is slightly acid. 

378. Sodium Silicate, Na^jSiOs, is used chiefly in the form of 
an aqueous solution giving a yellowish or pale, greenish-yellow, 
viscous hquid, with a specific gravity of 1.3 to 1.4. It is strongly 
alkaline and is used for fire proofing, cementing stones, water 
proofing, in hydraulic mortars, cements, in dyeing and bleaching, 
as a filler for soaps, as an adhesive for labels and in a 10% solu- 
tion as an egg preservative. It is commonly known as water 
glass. 

379. Sodium Thiosulphate, Na2S203.5H20, called also the 
hyposulphite, or more commonly ^%3q)o,” is formed when sodium 
sulphite is boiled with sulphur. It occurs as white transparent 
monoclinic prisms, cooling and bitter to the taste. It is soluble 
in 0.65 volume of water at 15® and in 0.35 volume at 25®. When 
heated without water to 50® it melts in its water of crystalliza- 
tion, and may be kept as a solution until cooled far below its 
melting point. When cooling has proceeded sufficiently, or 
when a crystal of the salt is dropped into the solution crystalliza- 
tion occm-s rapidly with evolution of heat, and a solid mass is 
formed. Sodium thiosulphate is used as an ^^antichlor'^ in 
bleaching (see §222) and paper maldng; as a fixing agent in 
photography (see §478) as a mordant for wool, as a disinfectant 
and in other ways. 
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to their importance as a fertilizer the production of potassium 
salts is of vital importance. Germany before the war had prac- 
tically a monopoly and claimed to be in a position to decide 
which nations could raise food and which must starve. (Fig. 
107.) 



Fig. 107. Interioi of a Potash Mine 

In 1904 new beds of potassium salts of gimt pmity — chiedy 
sylvite— were found in southern Alsace. There were 2 beds 
averaging 4 meters thick, covering 200 square kilometers and 
it was estimated that they contained about 325,000,000 tons 
of potassium salts, or enough to supply the world for 300 years. 
The output was controlled by the Kali Syndicate in favor of 
Stassfurt. The Stassfurt deposits are estimated at 84,000,000 
tons. 

It has been estimated that the entire earth to the depth of 
1 meter contains 39,000,000,000,000 tons of potassium oxide, 
K 2 O. As the rocks disintegrate the K 2 O is washed out leaving 
an increased proportion of insoluble aluminum and iron silicates. 
Much of this K 2 O finds its way to the ocean, which is estimated 
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to contain 440,000,000,000,000 tons corresponding to the 
removal of K 2 O from the earth to the depth of about 11 meters 
and requiring at the present rate 6,000,000 years. (See §710.) 

Kelp — a seaweed — contains potassium and from the grayish 
ashes obtained when kelp is burned from 30 to 35% of K 2 O 
may be obtained. 

One cement plant by precipitating the dust derived 1 ton of 
potassium sulphate per day since potash feldspar was used in 
making the cement. 

In the same way the dust from blast furnaces may be preci- 
pitated by a Cottrell electrical precipitator and half of the 
300,000 tons or more of the potassium salts charged into the 
blast furnace each year may be recovered. The average annual 
consumption of potassium salts in the United States from 1905 
to 1914 was 198,636 tons, the maximum consumption of 279,780 
tons, occurring in 1910. Other sources of potassium in the 
United States are the saline lakes of Nevada and California, 
beet sugar waste, molasses residue, wood ashes and potash 
bearing rocks. 

It has been estimated that the wood ashes produced annually 
in the United States contain approximately 144,210 tons of 
potassium oxide. This is not all recoverable. Common wood 
ashes average about 3.6% potassium oxide but the percentage 
of wood carefully and completely burned runs from about 10% 
in some of the soft woods up to 35% in some of the hard woods. 

381. Preparation, Potassium may be prepared by elec- 
trolysis after the manner of producing sodium ; or from potassium 
chloride and calcium carbide, also similar to producing sodium 
as described in §364. It is also prepared by heating potassium 
hydroxide with magnesium, 

2KOH+2Mg 2MgO+H2 T +K 2 

382. Properties. The chief physical properties of potassium 
were given at the beginning of this chapter. It is a soft, nearly 
white metal with a brilliant luster that disappears at once on 
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contact with oxygen of the air forming the oxide. In water 
potassium acts in a manner similar to sodium, but more violent- 
ly, the heat generated being sufficient to ignite the hydrogen 
even in cold water. Potassium unites directly with chlorine and 
bromine with great energy. It may be used, therefore, to isolate 
magnesium and aluminum from their chlorides but other 
methods are used commercially. 

383. Halogen Salts of Potassium. Potassium chloride, 
KCl, is the halogen salt of potassium that occurs in nature in 
large amounts. Any of the halogen salts may be made by 
neutralizing the proper halogen acid with potassium carbonate 
or potassium hydroxide. Potassium iodide, KI, is used in large 
amounts and may be made in several other ways such as the 
action of potassium hydroxide on iodine. 

6 KOH 4 - 6 I 5KH-KIO3+3H2O 

The iodate may be reduced by evaporating the water and heat- 
ing the residue with carbon, as follows: — 

2 KI 03 «f 3 C 2KI4-3CO2 T 

The halogen salts of potassium are all soluble and crystallize 
in cubes. Their solubility is in the following order: potassium 
fluoride, potassimn iodide, potassium bromide, potassium 
chloride, the latter requiring three parts of water for one of the 
chloride at ordinary temperatures. They are aU decomposed by 
sulphuric acid. They are all capable of forming double salts, 
the double fluorides and double chlorides being the best ex- 
amples, such as potassium platinic chloride K 2 PtCl 6 . Potassium 
chloride is more soluble and more bitter than sodium chloride 
and produces a greater lowermg of temperature. Potassium 
iodide is used in medicine and potassium bromide is used exten- 
sively in photography. Potassium iodide solution dissolves 
iodine readily. The solution is decomposed by nitric acid, 
iodine being deposited and red vapors being evolved if the 
solution is then concentrated. If starch paste is previously 
added it turns blue, thus serving to detect the potassium iodide. 
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384. Potassiiim Hydroxide, KOH, is made in the same gen- 
eral as sodium hj^^droxide, using potassium carbonate instead 
of sodium carbonate. 

KaCOa-f Ca(OH)2~>CaCO, I +2KOH 

After the reaction ceases, the CaCOa is allowed to settle, the clear 
solution is decanted and evaporated. The residue is melted 
in a silver dish and cast in cylindrical molds. It is purified hy 
dissolving in alcohol, is then distilled and fused in a silver dish 
Perfectly pure potassium hydroxide may be made by the action 
of potassium sulphate on barium hydroxide solution. A solu- 
tion of potassium hydroxide is formed which is decanted from 
the insoluble barium sulphate. Potassium hydroxide is now 
manufactured by the electrolysis of potassium chloride, in a man- 
ner similar to that used for sodium hydroxide. Chlorine is 
liberated at the anode, hydrogen and potassium hydroxide afc 
the cathode. These products must be kept separate or potas- 
sium hypochlorite and potassium chloride will be formed. The 
cell is divided by a partition of asbestos placed either vertically 
or horizontally, the electrodes being placed in a similar position. 
The anode is made of graphite to resist the chlorine while the 
cathode is made of iron to resist the alkali. Pure brine flows 
in continuously at one part of the cell while potassium hydroxide 
and imdecomposed potassium chloride flow out from another 
part. 

Properties. Recently fused potassium hydroxide is a white, 
opaque solid, denser than water in which it is very soluble 
forming a very powerful alkali. It absorbs water and carbon 
dioxide from the air becoming potassium carbonate. It rapidly 
corrodes animal tissues which form a clear solution when boiled 
with the hydroxide. It is often used for making soft soap, but 
sodium hydroxide is used wherever possible because it is cheaper, 

385. Potassium Nitrate, KNO 3 , known as niter or saltpeter, 
occurs in many localities, but is more common in southern cli- 
mates. It may be made from sodium nitrate by adding to its 
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solution a solution of potassium chloride. The noixture is then 
boiled and the sodium chloride crystallizes and is separated 
when hot; the potassium nitrate when cold. It is formed when 
potassium hydroxide is neutralized with nitric acid. 

Properties, Crystals of potassium nitrate are similar in 
shape to the crystals of pure silica. See §347. They are very 
soluble in hot water of which 100 parts dissolve 246 parts of the 
salt at 100°, but only 13.33 parts at 0°. The taste of the solution 
is salty and cooling. Potassium nitrate melts at 341°, and at 
higher temperatures gives off oxygen and is reduced to the 
nitrite which is decomposed at red heat When thrown upon 
red hot coals the nitrate melts, decomposes and increases 
combustion. This is known as deflagration. The nitrate mean- 
while becomes the carbonate. Ordinary black gunpowder is a 
mixture of 75% of potassium nitrate, 15% of charcoal and 10% 
of sulphur. The equation for the explosion of gunpowder has 
been written thus. 

16 KN03+21C-hoS^5K2C03-|-K2S044-2Iv2S2-hl3C02T +3CO j +8X> T 

A discussion of smokeless powder and other explosives may be 
found in Chapter 40. 

386. Potassium Chlorate, KCIO 3 , is formed when chlorine 
acts upon a concentrated solution of potassium hydroxide or 
potassium carbonate. 

6C1 + 6K0H->KC103 4-oKCl + 3 H 2 O 

It may be formed by the action of chlorine on a mixture of lime 
and potassium chloride in water, where the final equation is 

KCl-}-3Ca0+3Cl>“>KCl03+3CaCl2 

It may also be formed by the electrolysis of potassium chloride. 
Potassium oxide is formed and this unites with chlorine to form 
the chlorate, which is purified hj recrystallization. 

Properties. Potassium chlorate forms monoclinic crystals 
having a salty taste. It begins to melt at 372° and gives off one 
third of its oxygen forming the perchlorate and the chloride. 
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Above 400® the perchlorate is decomposed forming the chloride 
and evolving the rest of the oxygen. The chlorate deflagrates 
when thrown upon hot coals. It explodes when rubbed with 
sulphur, and is dangerously explosive when rubbed with phos- 
phorus. It is soluble in water, 3.3 parts dissolving in 100 of 
water at 0®, six parts dissolving in the same amount at ordinary 
temperatures, and 56 parts at 100®. It is used in medicine for 
throat affections, and is used largely for making matches, 
explosives, fireworks, etc. 

387. Potassium Carbonates. Potassium normal carbonate, 
K2CO3, is a white powder that may be made by pouring water 
upon wood ashes, evaporating the solution and calcining the 
residue in the air. It is known as potash, or if pure as pearlash, 
and is used in the manufacture of hard glass, soft soap and 
potassium compounds. It may be made in other ways, such as 
the treatment of potassium chloride in a manner similar to the 
treatment of sodium chloride, for the formation of sodium car- 
bonate. It is very soluble in water and shows an alkaline reac- 
tion. The acid carbonate, KHCO3, is made by passing carbon 
dioxide into a solution of the normal carbonate. It is less 
soluble than the normal carbonate, is alkaline and gives off 
carbon dioxide when boiled. 

388. l^otassium Cyanide, KCN, is a poisonous white solid 
soluble in water, formed when potassium ferrocyanide is heated. 

K4Fe(CN)c 4KCNH-FeC2+N2 T 

If potassium carbonate is added it reacts with the last two pro- 
ducts in the form of ferrous cyanide, Fe(CN) 2 , forming ferrous 
carbonate, FeCOs, and two more molecules of the potassium 
cyanide, so that the final equation is 

(Potassium cyanate) 

K4Fe(CN)6-}-K2C03 5KCN+KCNO+CO2 1 +Fe 

Potassium cyanide unites with other cyanides to form double 
cyanides. It is used in analysis, in metallurgy, and in electro- 
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plating, although sodium cyanide is being used more every 
year. 

389. Potassium Ferricyanide, K 3 Fe(CN) 6 , when dissolved 
and mixed with a solution of citrate of iron and ammonia is 
used as a coating on unsized paper for blue print paper. When 
this paper is exposed to the light and washed with very dilute 
hydrochloric acid, a coating of Prussian blue will be left on it. 
Potassium salts, like sodium salts are very numerous and 
widely used. 

Ammonium Salts 

390. Metallic Ammonium, NH 4 , is not known, but there 
are a number of important salts whose composition indicates 
that NH 4 is capable of reacting as a metal, but all attempts to 
isolate it have failed. Ammonium amalgam may be made by 
adding a concentrated solution of ammonium chloride to sodium 
amalgam, but it cannot be separated from the mercury as 
ammonium. The ammonium salts are all characterized by their 
great volatihty and the ease with which they decompose when 
heated, especially when mixed with a caustic alkali, such as 
calcium hydroxide, Ca(OH) 2 ; potassium hydroxide, KOH; 
or sodium hydroxide, NaOH. 

Most of the salts give ammonia as one of the products of decom- 
position, but some, as ammonium nitrite or nitrate give other 
products. (See nitrogen, §70, and nitrogen monoxide, §138.) 
The ammonium salts are easily made by neutralizing ammonium 
hydroxide with the appropriate acids. 

391. Ammonium Chloride, NH 4 CI, commonly called sal 
ammoniac, is a white crystalline solid, obtained by neutralizing 
the ammonia liquor of the gas works with hydrochloric acid 
and evaporating the liquid to crystallization. It is purified by 
sublimation from stoneware pots and the crystals are condensed 
on a cold surface. It is easily soluble and has a sharp salty 
taste. It decomposes into ammonia and hydrochloric acid and 
may be made from a mixture of those gases. It is used in medi- 
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cine, in preparing ammonia gas or water, and large amounts 
are used for making batteries for open circuit work. 

392. Ammonium Sulphide, (NH 4 ) 2 S, is a colorless liquid 
of disagreeable odor made by saturating ammonium hydroxide 
with hydrogen sulphide and then adding an equal volume of 
ammonium hydroxide. If the second volume of ammonium 
hydroxide is not added to the saturated solution m making the 
sulphide, ammonium sulphydrate, NH4HS, is formed. 

NH4OH+H2S NH1HS+H2O 
NH40H+NH4HS-> (NH4)2S4-H20 

It becomes yellow on standing owing to decomposition whereby 
some sulphur is set free, which combines with the undecomposed 
ammonium sulphide forming polysulphides that contain from 
two to five atoms of sulphur, after which sulphur is deposited. 
The formula for ammonium polysulphide is written (NH 4 ) 2 Sx. 
Ammonium sulphide and the potysulphide aie used extensively 
in the laboratory for anal 3 ^tical work. 

393. Ammonium Carbonate, (NH 4 ) 2 C 03 . Dry ammonia 
gas and dry carbon dioxide give, when mixed, a white powder 
known as ammonium carbamate which gives the carbonate 
when mixed with water. 

C02+2NH3-^C0NH2 OHN 4 
CONH 2 0NH4+H20->(NH4)2C03 

The ammonium carbonate of commerce is made by heating a 
mixture of equal parts of ammonium sulphate and chalk in a 
subliming apparatus which gives a sesquicarbonate that may be 
regarded as a mixture of ammonium carbonate, ammonium acid 
carbonate, and ammonium carbamate. It is a white powder 
undergoing decomposition in air. It is used in smelling salts, 
the small cubes of ammonium carbonate being moistened with 
ammonium hydroxide and perfumed with oil of lavender. 

394. Ammonium Nitrate, NH 4 NO 3 , made by neutralizing 
nitric acid with ammonia or ammonium hydroxide, consists of 
large transparent crystals soluble in water with a lowering of 
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temperature. At 300° it decomposes into nitrogen monoxide 
and water and its chief use is in the manufacture of nitrogen 
monoxide for medical and dental use. See §138. 

396. Ammoniuni Sulphate, (NH 4 ) 2 S 04 , is made by neutra- 
lizing dilute sulphuric acid with ammonia. When evaporated, 
colorless crystals are formed. They have a sharp taste and are 
soluble in two parts of cold or in one part of boiling water. It 
is largely used as a fertilizer and as a source of other ammonium 
compounds. 

On September 21, 1921, the nitrate plant at Oppau, Germany, 
exploded, killing about 1500 people, injuring 3,000 more and 
producing physical effects that were felt at a distance of at least 
35 miles, while a hole 100 feet deep and 400 feet in diameter 
was made where the plant had stood. The explosion apparently 
started in the laboratory where 2 gas tanks exploded. It is 
thought that the force of this explosion was transferred to the 
storage tanks that contained a mixture of ammonium nitrate 
and ammonium sulphate prepared to use as a fertilizer. Before 
the explosion occurred the color of the salt had changed from 
its usually pure white to a slightly yellow color and the tempera- 
ture had risen from 100° to 120° F during the night preceding 
the explosion. The material tends to form a hard cake and it has 
been a custom to break the cake by blasting it with dynamite. 
During the past few years over 16,000 dynamite charges had 
been set off without serious results. Various tests had been 
made on the sensitiveness of this mixture when primed with 
dynamite but with negative results except when confined in an 
iron tube part of the mixture would explode. Fire and high 
temperatures do not seem to cause explosions. The capacity 
of the sUos holding the mixture was 50,000 tons. How much 
exploded is unknown but the authorities admit that there were 
at least 4,500 tons in the silos at the time of the explosion. Two 
other lesser explosions have been reported since. Since the 
nitric acid used in producing the ammonium nitrate was made 
by synthetic processes and hence should have been free from 
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impurities, ifc is difficult to say just why these explosions 
occurred. 

396. Problems. 

1. Write quantitative equations showing the comparison of the Le 
Blanc and Solvay processes of making sodium carbonate (§371). 

2. Write quantitative equations showing the production of sodium 
hydroxide by the electrolytic process. (§374). 

3 How much potassium can be freed by the action of 50 grams of 
magnesium upon potassium hydroxide? (§381) 

4. How much potassium iodide can be produced from 75 grams of 
potassium hydroxide accordmg to the two equations given in §383? 

5. How much potassium hydroxide can be made by the action of cal- 
cium hydroxide upon two tons of potassium carbonate? (§384). 

6. How much potassium chloride will be required to produce 100 
pounds of potassium chlorate accordmg to the equations given in §386? 

7. How much potassium cyanide can be produced from 500 pounds of 
potassium ferrocyanide? (§388) 

8. How much potassium chlorate should be decomposed to yield two 
ounces of potassium chloride? (§35). 



CHAPTER XVIir 


CALCIUM, STRONTIUM AND BARIUM 

The three metals known as the alkalme earth metals occur 
combined, and are hard to separate. Of the three calcium is by 
far the most abundant and important. Strontium and barium 
are often found together and in some localities are found with 
calcium. 

S27, Comparison of the metals of this chapter. 


Metal 

At. Wgt 

Valence 

Specific Gravity 

Melts 

Ca 

40 07 

2 

1 85 

805° 

Sr 

87 63 i 

2 

2 50-2.58 

900° 

Ba 

137 37 i 

i 2 

3 78 

850° 


Calcium 

398. Occurrence. Calcium occurs as the carbonate, CaCOs, 
in limestone, marble, chalk, etc., as the sulphate, CaSO^, or 
gypsum; as the phosphate, Ca 3 fP 04 ) 2 ; and as the fluoride, CaFs. 
It is found as the carbonate and sulphate in water and as the 
phosphate in bones and phosphate rock. The compounds of 
calcium taken together form about 3.5% of the earth^s crust. 

399. Preparation. Until about the beginning of the present 
century calcium was a very expensive metal, in spite of its 
abundance, owing to the great difficulty of obtaining it from its 
compounds, a gram of the metal costing about $10.00. Calcium 
is now obtained by electrolysis and the price has dropped to a 
much smaller figure, being about two to three times as expensive 
as aluminum. In obtaining metallic calcium by electrolysis 
fused calcium chloride is used in a graphite crucible, which 
forms the anode. The cathode is an iron rod which dips into the 
fused mass to some extent, but is gradually withdrawn so that 

285 



286 


CHEMISTRY IN EVERYDAY LIFE 


the calcium is always in contact with the fused salt. The 
calcium builds up on the cathode, its shape resembling a cabbage 
stalk, 

400. Properties. Calcium is a whitish metal resembling 
aluminum. When pure it may be cut with a knife, but as pro- 
duced commercially it is about 98% pure and in hardness stands 
between lead and brass so that it may be turned m a lathe and 
the shavings kept under petrolemn. It may be used to decom- 
pose cold water, in which it sinks, but the evolution of hydrogen 
IS far less violent than when sodium is used. Calcium will com- 
bine with many elements, the formation of the oxide, chloride, 
sulphide and phosphide being easily effected in a hard glass 
bulb-tube with the emission of light. Calcium tarnishes rather 
gradually in the air at ordinary temperatures, but when heated 
in a blast lamp it melts at 805° and if heated higher it burns with 
a brilliant flame forming the oxide and nitride. Burning calcium 
decomposes carbon dioxide, sotting carbon free 



Fig* 108 , A Marble Quarry. 
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Compounds op Calcium 

401. Calciim Carbonate, CaCOa, occurs in enormous quanti- 
ties as limestone, maible, chalk, etc. (Fig. 108.) Iceland spar, 
which gives a double refraction of hght, is a very pure calcium 
carbonate. Stalactites, which hang from the roof, and stalag- 
mites, which rise from the floor of many caves, are formed b}'' 
the depositing of calcium carbonate brought by water charged 
with carbon dioxide, the carbonate being deposited when the 
gas escapes (Fig. 109.) Chalk, formed from the remains of the 



Fig 109 Stalactites and Stalagmites. 

shells of minute sea animals, is another form of the carbonate 
and is very abundant in many parts of the ocean. When de- 
posited in boilers the carbonate mixture is called boiler scale. 
(See Fig. 110.) 

It is much easier to remove the scale-forming material before 
the water enters the boiler than it is to remove the scale after 
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Fig. 110. Boiler Scale 


it has formed. Many preparations are on the market for this 
purpose but one of the cheapest is a patented preparation called 
permutite. 

Permutite is an artificial 
sodium silico alummate. For 
convenience the formula is 
usually taken as Na 2 P. The 
calcium salts producing hard- 
ness in the water react with 
the permutite, the calcium 
taking the place of sodium, 
making calcium permutite and 
after 12 hours the reaction is 
stopped and the tank is filled 
with a strong solution of 
sodium chloride and allowed 
to stand for 12 hours. (Fig. 
111.) During the time the per- 
mutite is removing the calcium 
salts the reaction is expressed 
by the following equation 

Na2P-|-CaC03 -^CaP>fNa2C03 

When the salt solution is 
added it reacts with the cal- 
cium permutite according to 
the following equation 

CaP+2NaCl Na 2 p+CaCl 2 

Calcium chloride solution is 
drained off and the filter is 
again ready for use and since 
the salt is the only material 
consumed the original charges 
may last for several years. 





Fig, 111. Permutite. 
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It is claimed that zeolite or permutite does not furnish water 
of zero hardness; that the water will contain as much as 0.6 
of a grain per gallon of hardness expressed in terms of CaCOsj 
that there is increased tendency for foaming owing to the in- 
creased amount of sodium salts especially the carbonate which 
under the influence of steam pressure may break up and form 
acids that exert corrosive action. 

It has been estimated that the railroads use 900,000,000,000 
gallons of water annually, costing $63,000,000 and that of this 
water only 21, 600, 000, 000 gallons are chemically treated but that 
fully 350,000,000,000 gallons should be softened before being 
admitted to the boilers. 

A report by the Great Northern Railway covering 1160 miles 
of track shows that they have 77 water purifying plants fur- 
nishing the water for the locomotive boilers. Hydrated lime 
and soda ash with ferrous sulphate are used as the coagulant. 
It has resulted in 30 to 40% increase in the tonnage hauled by 
each engine and a 50% reduction in boiler washing and the 
elimination of 11 failures. 

The Missouri Pacific Railroad in 1918 with 52 plants treated 
1,368,305,000 gallons of water. 3,509,473 pounds of boiler 
scale were removed. The cost of the investment was $154,500- 
The cost of treatment was $89,873 and the net saving was esti- 
mated at $287,843. 

Calcium carbonate is used in building, in road making, in the 
preparation of lime for mortar, in glass making, in the reduction 
of iron ore, etc. Chalk with clay is made into crayon; whiting 
is impure chalk, and putty is whiting mixed with 15 to 18% of 
linseed oil. 

402. Calcium Oxide, CaO, known as quicklime, is made 
by burning limestone. 

When pure limestone is heated the water in the stone is first 
driven off, and when the dissociation temperature is reached 
carbon dioxide is evolved according to the equation 
CaCOs-^CaO+COsT 
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but often other substances, such as magnesiuna carbonate, iron 
oxide and aluminum oxide are found mixed with the limestone, 
and when the percentage of magnesium carbonate is 30 or more 
the rock is known as magnesian lime stone. When the rock 
is practically pure limestone 112 pounds of coal per ton is 
required to change the limestone into calcium oxide if the burn- 
ing is continuous, and about 150 pounds if the burning is inter- 
mittent. Less coal is required if the percentage of calcium 
carbonate is lowered. 

Calcium oxide is a white hard solid, nearly infusible. When 
heated in a hydrogen or an oxyhydrogen flame it gives an intense 
light, known as the lime, calcium or Drummond light. Exposed 
to the air it absorbs carbon dioxide and water, and is converted 
into the hydroxide and the carbonate, known as air slaked lime 
Mixed with water it forms the hydroxide, Ca(OH) 2 , with high 
elevation of temperature. The process is known as slaking and 
the product is called slaked lime. (See below.) Calcium oxide 
is used as lime cartridges in coal mining, the mass swelling and 
exerting great pressure when wet with water. After converting 
it into calcium hydroxide (§403) it has many other uses. 

403 . Calcium Hydroxide, Ca(OH) 2 , formed by adding water 
to calcium oxide, 

CaO+HsO-^CaCOH). 

is a white powder somewhat soluble in water forming lime water. 
At red heat calcium hydroxide loses water and is converted to 
the oxide. If lime water is exposed to the air it absorbs carbon 
dioxide and forms a little calcium carbonate, which may exist 
as a crust on the surface of the water, or if the carbon dioxide is 
conducted into the lime water, the carbonate causes cloudiness. 

Ca(0H)2+C02->CaC0, I +H 2 O 

This forms a good test for the presence of carbon dioxide. If 
the hydroxide is present in abundance in suspended particles 
the solution is called milk of lime. This is used for white- 
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washing. Mortar is formed by slakmg calcium oxide with water; 
adding sand and hair. It hardens without much shrmking and 
lasts a long time unless exposed to the action of the weather, 
which causes it to crumble slowly. Mortar gradually absorbs 
carbon dioxide from the air forming calcium carbonate as in the 
preceding equation. If layers of calcium hydroxide are exposed 
to the action of chlorine, bleaching powder, CaOCb, is formed. 

Ca(OH)o-f Cl, -> CaOCL-t-HsO 

When the powder is mixed with sulphuric or hydrochloric 
acid, the chlorine is set free. Enormous quantities of bleaching 
powder are used for bleaching, as a disinfectant, etc., since it 
is an easy way to transport and to obtain chlorine. It is often 
called chloride of lime. 

Bleaching powder for use in hot countries may be stabihzed 
by adding 20% of calcium oxide, or by the addition of sodium 
chloride. 

404. Calcium Sulphate, CaS04, occurs in nature in volcanic 
regions as gypsum, containing two molecules of water of crystal- 
lization, CaS04.2H20. One part of gypsum is soluble in 500 
parts of water at 18°. 

Gypsum is 79.1% calcium sulphate. When heated to 100° 
C. or more, water is given off, but the heating must not exceed 
205° and usually ranges from 170° to 200° when % of the water 
is given off forming plaster of Pans (CaS04)2-H20. This is 
93.8% CaS04 and when mixed with water, the water is again 
combined as water of crystalhzation, and the mass becomes hard 
in a short time. Complete dehydration of pure gypsum gives 
floormg plaster, and if mixed with alum, borax, etc., gives a 
hard finish plaster. One formula for flooring plaster is dehy- 
drated gypsum with 0.4% calcined sodium sulphate or potas- 
sium sulphate, and this is mixed with sand or ashes. Such sub- 
stances as glue, sawdust, blood, tankage of packing houses, etc., 
act as retarders when mixed with plaster of Paris, the usual 
proportions being from 2 to 15 pounds of the retarder per ton 
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of plaster. Dental plaster is piaster of Paris to which an accel- 
erator, such as common salt, has been added. 

405. Hydraulic Limes or Cements may be defined as 
cementing materials made by burning siliceous or argillaceous 
limestones, whose clinker, after calcination contains so large a 
proportion of lime silicates as to give hydraulic properties but 
also so much free calcium oxide that the mass of the clinker will 
slake when W’ater is added, but not enough to prevent hardening 
under water. (Fig. 112.) Ideal hydratilic lime is said to contain 



before slaking 21.2% SiOs; 78.8% CaO; and no water or carbon 
dioxide. After slakmg it should contain 19.08% SiOg; 70.92% 
CaO; 10% water and no carbon dioxide; but actual conditions 
usually show a lower lime content with impurities such as 
AlgOa and FegOs. 

So-called Natural Cements vary widely in composition and 
are produced by burning a natural clayey limestone containing 
from 15 to 40% SiOg, AigOs and FegOg, without preliminary 
mixing and grinding. After burning without grinding the mass 
will not slake when water is poured upon it, but after grinding 
the powder will set under water. The use of natural cements is 
usually limited to the area near where they are found. (Fig. 
113.) They set rapidly, but are not as strong as Portland 
cement. 

Portland cements have a very definite composition and are 
made by pulverizing the clinker produced by hmning to semi- 
fusion an intimate mixture of calcareous or argillaceous materials 
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containing approximately 3 parts of CaCOs to 1 part of SiOg, 
AI 2 O 3 and Fe 203 . The ratio of the lime in the finished product 
should not be less than 1.6 to 1 or more than 2.3 to 1 . The 
composition approaches the formula 3 Ca 0 .Si 02 , tricalcic silicate 
corresponding to 73.6% CaO, and 26.4% S 1 O 2 . The composition 
varies somewhat, and impurities or added ingredients may 
change the composition still further. 



Fig. 113. Natural Cement Beds in Indiana. 

Portland cements become as hard as stone when mixed with 
sufficient water to set the cement, forming a network of alumi- 
num silicate, calcium silicate and calcium metaluminate. The 
silicates form a filler and the aluminate is hydrolized. 

Ca.(A103)24-6H20 3Ca(OH)2+2Al(OH)3 

Slag cement is an intimate mechanical mixture of slaked 
lime and granulated blast furnace slag all finely pulverized. 
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The slag must be obtained from a basic blast furnace and must 
analyze Si 02 and AI 2 O 3 not over 49%; 0, 10 to 16%; MgO not 
less than 4%. It must be made in a hot furnace and be light 
gray in color. The slag is thoroughly disintegrated by the action 
of a large stream of cold water directed with considerable force 
against the hot slag. The action of the cold water upon the hot 
slag makes it energetically hydraulic and removes a portion of 
the sulphides. The slag containing 15 to 40% water is then 
dried at a dull red heat so as not to disintegrate it, and is mixed 
with carefuUy slaked, finety ground lime in the proportion of 
20 to 40 parts of lime to 100 paits of slag. 

Com'pariaon of Slog and Portland Cevients. Slag cement sets 
very slowly as compared with Portland. It costs considerably 
less than Portland to manufacture. Its specific gra^dtj" vanes 
from 2.7 to 2.9 as against 3.15 for Portland. 

Experiments carried out in the North Sea for a period of three 
years indicate that concrete containing blast furnace slag pro- 
tects the embedded reenforcing material perfectly, and is from 
5% to 9% stronger than cements and concretes not containing 
iron slag. 

Slag bricks are made by mixing granulated slag with slaked 
lime or with slag cement, molding the mixture in a brick press, 
and drying either with or without the aid of steam. Slag 
blocks, slag tile, etc., are made in the same manner. 

406. Concrete consists of a mixture of cement and loose 
stony material such as sand, gravel, crushed Imiestone or cinders 
with water. It is not as strong as cement, but is much less 
expensive. The usual proportions call for 1 part of cemeiit with 
3 or 4 parts of rock material, but varies either w'ay, a larger 
proportion of rock cheapening the product while a larger pro- 
portion of cement makes it stronger. (Fig. 114.) About six 
months are required for a concrete to acquire full strength in 
setting, after w^hich it falls off slightly, but when it is at its 
maximum strength a good concrete will withstand a pressure of 
5000 to 7000 pounds per square inch without being crushed. 
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Reenfcnxed Concrete is produced by embedding twisted steel 
rods in the concrete. This may be done by building a steel 
framework of the rods and constructins: around it a wooden 


mold, into which the concrete is 
poured. The molds are not re- 
moved until the concrete has 
hardened. 

, Concrete substitutes coal 

cinders for the stone of ordinary 
leenforced concrete. It is suit- 
able, for constructing floor fillings 
in fire-proof buildings since it is 
the only kind of concrete that can 
withstand without crumbling the 
sudden changes of temperature 
when water is poured upon a 
burning building. 

407. Calcium Chlonde, CaCb 
is found in nature in combi- 
nation With other chlorides as 
magnesium, chloride; and exists 



m sea water. It may be made Building a Concrete 

in several ways, one being the Foundation, 

action of hydrochloric acid on calcium carbonate. From very 


concentrated solutions calcium chloride forms crystals containing 
six molecules of water of crystallization which deliquesce in the 
air. If the solution is evaporated at a temperature lower than 
200°, the crystals contain only two molecules of water and form 


a porous mass which loses its water when heated above 200°, 
becoming fused calcium chloride, often used as a drying agent 
because it absorbs water readily. Mixed with snow a tempera- 
ture of — 4 .Q 0 -g pi.o(j^ 0 ed. A 40% solution of calcium chloride 
IS sometmaes used as an anti-freeze mixture for auto radiators, 
but since it corrodes copper and aluminum it is not considered 
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satisfactory if it comes m contact with these metals. A 3% 
solution is used as an anti-freeze compound in mixing cement 
and concrete. 

408. Calcium Fluoride, CaF 2 , or fluorspar, occurs in crystal- 
lized cubes and is the source of the fluorine compounds. (§214.) 
It is used as a flux in certain reactions that occur at high tem- 
peratures, the flux taking the place of water at low temperatures. 

Stbontium and Barium 

409. Strontium and barium are rare metals resembling 
calcium in both physical and chemical properties. They always 
occur combined and are never used, although a few of their 
compounds are used to some extent. 

410. Strontium Compoxmds. Strontium oxide, SrO, and 
strontium hydroxide, Sr(OH) 2 , are made in the same way as the 
analogous calcium compounds. The hydroxide is used to some 
extent in the manufacture of beet sugar. Strontium nitrate 
Sr(N 03 ) 2 , IS used for red fire when mixed with potassiiun chlorate 
and shellac. 

411. Barium Compounds. Barium chloride, BaCb, is used 
as a test for sulphuric acid since it forms insoluble barium 
sulphate, when sulphuric acid or a soluble sulphate is added. 
Barium oxide, BaO, and barium dioxide, Ba02, were formerly 
used in the extraction of oxygen from the air. Barium hy- 
droxide, Ba(OH) 2 , forms baryta water when dissolved, reacting 
in the same way as lime water when carbon dioxide is introduced. 
It is more soluble than the calcium hydroxide. It is used exten- 
sively in the analysis of iron and steel for the estimation of 
carbon as carbon dioxide. Banum sulphate, BaS 04 , is prepared 
as a pigment known as permanent white. It occurs in nature 
as heavy spar. It is used to increase the weight of paper and to 
give it a gloss. Barium nitrate is used for making green fire 
when mixed with potassium chlorate and shellac. It is also an 
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important ingredient m '^sparklers” two formulas bemg in 
parts by weight: 

Ba(NOz)t Fe( filings) Al{ filings) dextnn 

No. 1 25 15 4 6 

No. 2 18 20 2 11 2 

The ingredients are reduced to a very fine powder, made into a 
paste with water and when entirely free from lumps the paste 
is applied to wires. 

The addition of a small amount of potassium chlorate and 
powdered magnesium makes them more brilliant. 

Barium sulphide, BaS, strontium sulphide, SrS, and calcium 
sulphide, CaS, shine feebly in the dark after being exposed to the 
direct light of the sun, and are used in luminous paints. A 
highly phosphorescent calcium sulphide is made by heating 
precipitated chalk with 30% of its weight of powdered roll 
sulphur in a closed crucible for an hour. After cooling the prod- 
uct is impregnated with 0.0001% of bismuth in the form of an 
alcoholic solution of bismuth basic nitrate. The mass is then 
heated again to a dull red heat for two hours and is allowed to 
cool in the closed furnace. 

Neither strontium nor barium salts are used w^here the cor- 
responding calcium salt may be used because the calcium salt 
IS cheaper and owing to the lower atomic weight of calcium, the 
calcium salt will contain a higher percentage of the acid radical 
This is similar to the use of sodium and potassium salts. (§362.) 

412. Problems. 

1 . How much calcium carbonate must be used to produce 25 kilograms 
of calcium hydroxide? (§§402, 403) 

2. How much calcium carbonate must be used to produce 10 liters of 
carbon dioxide? (§402 or §262). 

3. How much hydrochloric acid will react with a cube of marble three 
centimeters on a side if the specific gravity of marble is 2 72? (§262). 
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These three metals have atomic weights very nearly the same, 
but the atomic weight of iron is more nearly the same as that of 
manganese which it resembles in many ways. Nickel and cobalt 
are closely associated and are found together in nature. The 
properties of the three metals are very similar. 

413. Comparison of the metals of this chapter. 


Metal 

At, Wgt 

Valence 

Specific Gramty 

Melts 

Fe 

55 84 

2,3 

7 85-7 88 

1100-1700® 

Ni i 

58 68 

2,3 

8 6-89 

1452® 

Co i 

58 97 

2,3 

! 8 4 

00 



Fig 115. Early Egyptian Blast 
Furnace 


Iron and Steel 

414. Occurrence. Iron is the most generally useful of all 
the metals. It has been known for many hundreds of years but 
as its preparation and working are difficult, it was not the first 
metal used by man, as the bronze age preceded the iron age. 
Probably the first iron was derived from meteorites, which are 
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usually mixtures of iron and stone m varying proportions, 
some of which contain one substance very nearly to the entire 
exclusion of the other. Free iron is very rare but in compounds 
iron is both abundant and widely distributed, the chief source 
of the metal being the ores hematite, FeoOc, which occurs in 
abundance south of Lake Superior in Michigan, in Alabama and 
Tennessee; limonite, or brown hematite, Fe20s.Fe2(0H)6, in 
Alabama, Tennessee, Virginia and West Virginia; magnetite, 
Fe304, in Pennsylvania, New Jersey and New York; and 
siderite, or spathic iron ore, FeCOa, in Ohio, Maryland and New 
York. Less than of the iron made in the United States is 
obtained from siderite. 

It has been predicted that the present known reserve of high 
grade iron ore in this country wull be exhausted in 20 years. The 
electric smelting is said to make possible the use of iron sands 
and low grade ores that are now considered worthless 

The relative percent- 
ages of iron ore in Euro- 
pean countries is now given 
as France 35.7%, Great 
Britain 18.2, Sweden 12.5, 

Germany 11.1, Spain 5, 

Central Russia 4.2, Nor- 
way 3.3 and the remaining 
10% is in 15 different 
countries. In 1914 the dis- 
tribution gave Germany 
26.5, France 20.4, Great 
Britain 15, Spam 9 1. B 
the ore of all Europe is 
estimated as 1 the ore in 
North America is 3, South America 2, Asia 0.75, and Africa 0.166 
from known deposits. 

The most abundant iron compound that is not used as a 
source of iron, is iron disulphide, FeS 2 , or pyrites, often called 



Fig 116. Prehistoric Iron Furnace 
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Foois^ Gold because of its weight and yellow color. Iron is also 
contained in pyrrhotite, which varies in composition from 
FeeSr to FeiiSi2; in the double sulphides of iron and copper 



Fig. 117. A Modem Blast Furnace. 


known as chalcopyrite, CuFeSj, and bornite, CusFeSa, and in the 
double sulphide of iron and arsenic, FeSAs. The ores are usuallj’’ 
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mixed with more or less clay, silica, etc., and contain small 
amounts of phosphorus, sulphur and manganese with occasion- 
ally other substances. 

416. Preparation. Pure iron is almost unlmown. Crude 
iron is prepared by heating the ore together with lime-stone and 
coke in a blast furnace. (Fig. 117.) The furnace is from 90 to 
105 feet high and the inner diameter is from 12 to 16 feet. 
After the substances are mixed they are carried to the top of 
the furnace by a mechanical hoist where the mixture enters 
through a double hopper, the escape of the gases and heat 
being prevented by two bell-shaped valves which open one at a 
time when the ore presses upon them. After the fire has been 
started in the furnace and the ore mixture is added, compressed 
air previously dried and heated to a temperature of 400° to 
600° having a pressure of 12 to 15 pounds per square inch is 
blown in. This burns the coke producing an intense heat that 
melts the charge. From 3 to 4 tons of air are required for every 
ton of iron produced. The gases formed usually contain about 
20% by volume of carbon monoxide and have half the heating 
capacity of coke. At the top of the furnace they have a temper- 
ature of 200° to 400° and are in part conducted to the stoves, 
which heat the air before it is blown into the blast furnace, 
through the tuyeres (pronounced tweers) which are large 
hollow pipes entering near the bottom of the furnace. (Fig. 
118.) The rest of the gas is utilized in various parts of the plant 
for heating purposes, partly to generate the steam that supplies 
the power to the engines that compress the air, before it enters 
the furnace. (See §816). 

The coke which is sometimes mixed with coal, is used for fuel 
to keep up the high temperature. The limestone is added as a 
flux, or, if the ore contains lime, feldspar and sand are used. 
The flux removes the impurities in the form of a fusible slag or 
cinder and further, prevents the reduced iron from reuniting 
wdth the oxygen that is being blown in. As the smelting 
continues, the iron falls through the slag to the bottom of the 
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furnace below the tuyeres into w'hat is known as the crucible. 
Fresh charges are added from time to time and the operation is 
contmuous through months or even years. 

About evei’}^ two hours the 
slag is tapped through the 
cinder notch, and about every 

— . r 7 -=^- i six hours the metal 

is drawn off through the 
metal tap. The cinder notch 
is closed by a plate which 
chills the slag around it, 
thus closing the opening. 
The metal tap is closed with 
clay which is forced in by a 
steam ram, and becomes so 
hard that it often has to be 
drilled out. (Fig. 119.) 

A large furnace will pro- 
duce about 500 tons of iron 
per day. The iron always 

FiG.iis. Cross Section of a Blast contains impurities, a smaU 

Furnace. amount of phosphorus, three 

or four per cent of carbon, 
somesulphur, and about three per cent each of manganese and 
silicon. The impurities cause the iron to melt at a temperature 
of about 1200® instead of 1800® or more. 

416. The Chemical Changes that reduce the iron ore in the 
furnace are simple. First the fuel is changed to carbon dioxide 
by the air. The carbon dioxide is changed to carbon monoxide 
as it passes up over the hot coke, and the carbon monoxide 
umtes with the oxygen of the ore to form carbon dioxide while 
metallic iron is set free. The main reaction may be expressed 
by the equation 



FesOs-hSCO 2Fe-|-3C02 T 
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but some of the FeaOs probably forms FeO and is reduced by the 
carbon in the lower part of the furnace. 

After the iron comes from the blast furnace it is either sold as 
iron or is changed into steel. When used as iron it may be 
divided into two general classes — cast iron and wrought iron. 



Fig. 119 . Outline of the Blast Furnace Process 


Cast Iron, Wrought Iron and Steel 

417. Cast Iron is the most impure and is brittle and white or 
gray in color, according to the distribution of the carbon it 
contains. If the iron is cooled rapidly, the carbon is combined 
with the iron, and it is known as white cast iron. If the iron is 
cooled slowly, the carbon is uncombined, remains as graphite, 
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and the iron is called gray cast iron. Cast iron is known also as 
pig iron. On account of its brittleness it is not welded or forged 
but is cast in molds to the desired shape. It may, however, be 
welded by converting the brittle surfaces into ductile metal by 
the electric arc and the welding metal will then adhere. It is 
strong and is used extensively in all iron foundries. It is easily 
fusible, the gray iron fusing at a lower temperature than the 
white. 

Wrought Iron is the purest commercial iron and is made from 
cast iron by a process known as puddling, by which the carbon, 
silicon, manganese, phosphorus and sulphur are burned out of 
the cast iron in a reverberatory furnace lined with hematite or 
magnetite* The oxygen necessary for the oxidation of these 
substances is furnished partly by air, partly by the oxides of 
iron that form the linings of the furnace. The metal becomes 
less fusible and turns to a pasty mass containing some slag that 
cannot be removed. The iron is then gathered into large masses 
and is hammered or rolled. The impurities are mostly the slag 
which permits easy welding and prevents the tendency to 
crystallize, due to the small amounts of phosphorus and sulphur 

still present. The impuri- 
ties other than the slag 
usually amount to less than 
1 %. 

Steel, which with respect 
to the amount of carbon it 
contains, stands midway be- 
tween cast iron and wrought 
iron is made in several ways, 
the problem being to get the 
proper amount of carbon. 
The fastest and cheapest 
method is the Bessemer 
Fig. 120. A Bessemer Converter. process. 
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In this process the pig iron is oxidized in a converter, which is 
a large vessel shaped somewhat like an egg, so supported that 
it may be turned about its axle, called its ^^trunnions,’’ by means 
of compressed air. At the 
bottom of the converter is 
the wind box w^hich receives 
the compressed air from a 
pipe leading from one of the 
trunnions, and delivers it 
through openings, called 
tuyeres, through the bottom 
of the converter. The con- 
verter is rotated to a horizon- 
tal position, about 10 tons or 
more of molten pig iron from 
the blast furnace is run in. 
the blast of 20 to 30 pounds 
per square inch is turned on OJross Section of a Bessemer 

and the converter is rotated Converter, 

until it is nearly vertical. The air is forced through the mass 
for about 15 minutes, the exact time being determined by the 
nature of the flame that issues from the mouth of the converter. 
(Fig. 122.) The temperature is kept down to such an extent 
that the other impurities are burned to oxides before the carbon 
oxidizes. Pieces of pig iron are frequently added to accomplish 
this. Toward the end of the process the temperature is in- 
creased, the carbon is oxidized to carbon monoxide and burns 
with a bluish flame at the mouth of the converter. As soon as 
the carbon is all burned out, the flame drops and the converter 
is turned down before the blast is completely turned off. The 
sulphur and phosphorus are not removed by the air blast, but 
if they are present in large quantity they may be removed by 
lining the converter with basic material, such as magnesium and 
calcium carbonates. This is known as the Thomas-Gilchrist 
process, and the slag, known as Thomas slag, contains phos- 
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phorus, making it valuable for fertilizers. Hot lumps of ferro- 
manganese or spiegeleisen are added to supply the necessary 
carbon and manganese. The metal is then poured into a large 



Fig. 122. A Bessemer Converter in Action. 

ladle and is poured from this into molds holding about two tons 
each, which are cooled and then reheated to secure a uniform 
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temperature, and rolled into the desired shape by passing the 
metal back and forth between rapidly revolving rollers which 
are gradually brought closer and closer together until the final 
form and size are obtained, after which the metal is sent to the 
finishing room to be straightened, etc. 

The spiegeleisen or spiegel iron contains 4 or 5% of carbon 
and 5 to 20% of manganese. Ferromanganese contains 6 or 7% 
of carbon and 25 to 85% of manganese. If much spiegel is 
added a hard or high carbon steel is produced while a small 
amount of the ferromanganese gives a soft or low carbon steel 
which has practically replaced wrought iron. 

Other Methods of Making 
Steel 

418. In the Open Hearth 
Process, known as the Sie- 
mens-Martin process, pig 
iron, scrap iron or steel, and 
iron ore are melted in a 
reverberatory furnace heated 
by the regenerative principle, 
by which the waste gases 
from the furnace heat two 
compartments filled with fire 
bricks until very hot. (Fig. 

123.) Furnace gas is now 
shut off and fuel gas is passed 
through one compartment, 
air through the other, thus 
producing an intense heat at 
the top of the furnace. While 
these two compartments are 
being cooled by the passage 
of the gas and air through 
them, two similar compart- Fig. 123. An Open Hearth Furnace. 
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ments are being heated on the other side of the furnace and as 
one set becomes cool the gas and air are turned into the other 
two, the alternation which occurs every 20 minutes or so making 
it possible to keep the high temperature necessary to oxidize the 
impurities. 

The open hearth process requires from 6 to 12 hours as com- 
pared with about 20 minutes by the Bessemer process, and 
taking the extra fuel into account is more expensive. However, 
iron with any percentage of phosphorus may be used, while in 
the Bessemer process about 2% of phosphorus is required for the 
best results. The steel made by the open hearth process is of 
excellent quality, being tough and elastic. It is used for the 
steel beams of large bridges, for large guns, large machines, and 
in nickel steel which is used for armor plate. 

In the Crucible Process, 80 pounds or less of wrought iron is 
mixed with the proper amount of carbon in the form of charcoal 
and heated for three or four hours in clay or graphite crucibles. 
Manganese oxide is sometimes added to make the metal better 
adapted for forging. Crucible steel as used for razors contains 
1.5% carbon; if used for tools it contains 1%; and 0.75% for 
dies, pens, needles, etc. 

Electric steel is now being produced in ever increasing quanti- 
ties. The heat is produced by the electric current, both the 
induction and electrode type of furnace being used, but the latter 
is practically more satisfactory. The temperature produced is 
far in excess of that produced in the crucible or open hearth 
furnaces. Most of the furnaces are small, holding 13^, 3 or 5 
tons and reqiiiring 1 to 2 hours to melt the charge, but in France 
furnaces holding 25 tons of cold or 30 tons of liquid iron are 
common, while some run as high as 60 tons. (Fig. 124.) 

In making crucible steel the charge must be of high and 
analyzed grade and the sulphur, manganese and phosphorus 
cannot be removed owing to the lack of oxidizing and basic 
materials. In the electric furnace the sulphur and phosphorus 
may be reduced to 0.02% or less due to the oxidizing and reduc- 
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ing conditions of the slag which in turn are obtained with the 
electric furnace. A slag consisting of about 60% of silicon 
dioxide, 15% of calcium oxide, 15% of calcium fluoride and 10% 
of carbon is extreme- 
ly fluid and enables 
the charge to be 
freely manipulated. 

Silicon and mangan- 
ese additions are 
made in the furnaces 
and aluminum is 
added in the ladle to 
finish deoxidizing. 

Loss of iron and 
added alloys is thus 
reduced. 

The electric fur- 
nace will do all that can be done wuth the basic open hearth fur- 
nace and while some claim that crucible steel is best for fine 
tools others say that electric steel is fully as satisfactory. 

The increase in the production of electrical steel from 1913 to 
1918 was 1700% in the United States, 600% in Germany, 
700% in Great Britain, 2100% in Canada. The output in 1918 
was 511,364 tons in the United States; 221,824 tons in Germany; 
147,922 tons in Great Britain; 120,000 tons in Canada; 58,000 
tons in France, with some amounts in Austria, Hungary, Italy 
and Sweden, bringing a total of 1,155,173 tons. 


419. Comparison of Cast Iron, Steel and Wrought Iron. 


Kind 

Melts 
\ about 

! Average 
per cent 
. ofC, 

Impurities 
per cent 

Mallea- 

bility 

Gram 

Tern per 

Cast iron 

llOO^’ 

1.5 toe 

1 5 to 10 

brittle 

coarse 

none 

Steel 

1400^ 

0 7 to 2 

Ito 2 

somewhat 

malleable 

fine 

good 

Wrought iron 

1700° 

015 

0.36 to 0.5 

very 

malleable 

very 

fine 

none 
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420. Properties of Iron. Wrought iron is the purest that 
may be obtained and is used for piano strings containing only 
0.3% of impurities. Pure iron may be made by igniting the 
oxide or oxalate in a current of hydrogen, by reducing the 
chloride by hydrogen, or by electroi}d;ic methods. When per- 
fectly pure it is white, is softer than the ordinary iron and melts 
at a higher temperature. Its specific gravity is about 7.85. 
Dry air or water freed from air does not rust iron, but moisture, 
air and carbon dioxide combined, produce a complex hydroxide 
ha\dng a formula of Fe 203 .Fe 2 ( 0 H) 6 , and after the surface starts 
to rust the change spreads rapidly. The rust and the iron seem 
to form a voltaic cell and decompose the water present, the 
hydrogen of vrhich unites in part with some of the nitrogen of the 
air to form ammonia. Soft iron is magnetic and may be made a 
temporary magnet, but it soon loses its magnetism. Iron decom- 
poses water at red heat. It reacts with hydrochloric or sulphuric 
acid, giving the salt of the metal and ill smelling hydrogen. 
This is caused by the impurities in the iron, such as the sulphide, 
phosphide and carbide, producing hydrogen sulphide, phos- 
phine etc., which are evolved with the hydrogen. 

With moderately dilute nitric acid, red vapors of nitrogen 
tetroxide are evolved. The concentrated acid covers the surface 
with a gas which protects it from further action, so that the 
dilute acid will not then act on the iron unless it is touched with 
such an object as a copper wire. 

421. Properties of Steel. Steel takes a high polish, is 
ductile and malleable when hot, and melts at a temperature at 
which wrought iron becomes soft. Steel may be tempered or 
made hard, by being heated and then suddenly cooled by 
plunging it into cold water or oil. If heated and cooled slowly 
it becomes soft, tough, and elastic. The hardness of the steel 
will vary with the difference in the temperatures of heating and 
cooling and the rapidity of the cooling. When steel is rapidly 
cooled in the air for 6 to 8 minutes instead of 30, by use of an ah 
blast of about 10 ounces pressure, the strength is increased from 
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about 4,000 to 10,000 pounds. Steel is hard to magnetize, but 
when once magnetized it will retain its magnetism for a long 
time. The addition of cobalt, tungsten, molybdenum, chromium 
or vanadium improves the steel for making permanent magnets. 
Low carbon steel can be forged, rolled or hardened. The effect 
of the phosphorus present as an impurity in steel is to make the 
steel brittle when cold, while the sulphur makes it brittle when 
hot. Other substances added to steel cause it to acquire certain 
desired properties. 

When alumtnum is added to open hearth steel better ingots 
free from blow holes are produced. If 10 to 15% of titanium 
is added to open hearth steel it combines with both nitrogen 
and oxygen and passes into the slag. The resulting steel is 
about 40% more durable than the ordinary open hearth steel. 
Other substances are often added, forming 


Steel Alloys 


Alloy 

Steel 

Other Con- 
stituents 

Use&, etc. 

Manganese steel 

80 to 93 

Mn,7to20 

Holds temper when heated. 
Used for rock crushing machinery 
and burglar-proof safes. 

Tungsten steel 

70 to 90 

W, 8 to 20 
Cr, 3 to 8 

Holds temper when heated red 
hot by friction. Used for high 
speed tools. 

Chromium- 


Cr, 1 

Great tensile strength. May be 

vanadium steel 

99 

V, 0.15 

bent double when cold- Used 
for axles, connecting rods, etc. 

Nickel steel 

96 to 98 

Ni, 2 to 4 

Great elasticity and hardness. 
Resists corrosion. Used for 
armor plate on battle ships. 

Invar 

64 

Ni,36 

Nearly non-expansive. Used for 
pendulum rods, meter sticks, etc. 


Stainless Steel. So-called stainless steel which resists rust 
contains carbon 0.2-4) .4%, chromium 11.4-14%, manganese 
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not over 0.5%, silicon not over 0.3%. The phosphate and 
sulphur are kept as low as povssible. The hardness of the steel 
is directly proportional to the carbon content. If it contains 
less than 0.25% carbon it will not harden successfully. If it 
contains more than 0.4% it is difficult to forge. The presence of 
silicon neutralizes the hardening effect of the carbon and gives a 
cleaner, sounder metal. The presence of phosphate and sulphur 
aids corrosion. 

Before 1908 very little alloy steel was produced, but at 
present the annual output is over 2,000,000 tons. Chromium, 
molybdenum and tungsten impart to the steel properties that 
are closely analogous, and it is assumed that vanadium will do 
the same. Silicon, aluminum, titanium and zirconium act as 
deoxidizers within certain limits. The special elements added to 
act upon the carbon probably tend to keep the carbon in solu- 
tion, or to aid in throwing it out of solution as a single or com- 
plex carbide, or to keep it in solution to a certain extent and to 
throw the rest out as carbides. In 1864 only 13,627 tons of 
steel were produced in the United States. Now the production 
annually is almost 45,000,000 tons. 

422 . Compounds of Iron. Two series of iron compounds 
occur. Ferrous compounds are those where the iron acts as a 
bivalent and the ferric compounds are those where the iron is 
trivalent. The color of the ferrous salts is pale green, while the 
color of ferric salts is usually yellow to red brown. 

The ferrous compounds may be changed to the ferric by the “ 
addition of an acid. The ferric change to ferrous when a reduc- 
ing agent such as hydrogen, hydrogen sulphide or sulphur 
dioxide is added. 

For this reason, ferrous, and not ferric, salts are produced 
when iron acts upon dilute sulphuric or hydrochloric acid, since 
the ionic hydrogen acts as a reducing agent. 

423 . Oxides. There are three oxides of iron. Ferrous oxide, 
FeO, is an unstable black powder formed by heating ferric oxide 
in a current of gas, composed of ecjual volumes of carbon mon- 
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oxide and carbon dioxide. Ferric oxide, Fe203, occurs native 
as hematite. It may be prepared by calcining ferrous sulphate, 
which first loses water and then decomposes, two molecules of 
the sulphate giving one each of sulphur dioxide, sulphur trioxide 
and ferric oxide. 


2FeS04 SOi-^SOs+FesO* 
or by heating ferric hydroxide. 

2Fe(0H)3-^Fe2034'3H20 

It is used in red paint, m jewelers’ rouge, and is known by 
several names as crocus, Venetian red, etc. Ferrous-ferric oxide 
occurs as magnetite which may or may not be magnetic. 
It forms on the surface of iron as black scales when iron is heated 
to redness in air. It may be regarded as a compound of the 
other two. 

424. Hydroxides. Ferrous hydroxide, Fe (OH)2, is a white 
precipitate formed when an alkaline hydroxide is added to a 
ferrous salt solution. It gradually oxidizes to the ferric hy- 
droxide, turning brown. Ferric hydroxide, Fe (OH) 3, formed by 
adding ammonia to a solution of a ferric salt, is a brownish red 
powder. When filtered, washed and dried it remains unchanged, 
but changes when heated to 100® or when boiled. 

426. Chlorides. Ferrous chloride, FeCb, is obtained when 
dry hydrochloric acid gas acts upon metallic iron, forming white 
pearly scales. If a solution of hydrochloric acid is used, the 
salt obtained by evaporation is green, containing four molecules 
of water of crystallization- Ferric chloride, FeClg 6H2O, con- 
taining about 21% of iron formed by passing chlorine gas over 
iron fillings in a porcelain or glass tube, or by passing chlorine 
into a solution of ferrous chloride, may be obtained as yellow 
crystals containing six or twelve molecules of water. The an- 
hydrous chloride is black. It has an acid reaction due to 
hydrolysis. A solution containing 29% of anhydrous ferric 
chloride contains 10% of iron. The tincture was formerly used 
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in diphtheria usually diluted with an equal volume of water. 
It is styptic in its action and has an acid and disagreeable taste, 
often producing nausea. 

426. Sulphates. Ferrous sulphate^ FeS 04 . 7 H 20 , called green 
vitriol or copperas, is formed when dilute sulphuric acid acts 
upon iron, or fey oxidizing iron pyrites, FeSo, by roasting or 
exposing the pyrites to air. Ferrous sulphate effloresces, and if 
exposed to moist air oxidizes. When heated to 114^^ it loses six 
molecules of water of crystallization, and the seventh at 300°. 
At 10°, 100 parts of the sulphate ■will dissolve in 164 parts of 
water while at 100° only 30 parts of water are required. It is 
used for making ink, as a disinfectant, in tanning, dyeing, 
making iron salts, in the reduction of indigo, in photography, etc. 

Ferric sulphate, Fe2(S04)3, may be formed by oxidizing ferrous 
sulphate with nitric acid. It unites with potassium sulphate or 
ammonium sulphate to form iron alums. In color, ferric sul- 
phate is greenish white, dissolving slowly in water to a yellow 
brown solution having an acid reaction. 

427. Ferrous Carbonate, FeCOa, exists in clay. The action 
of water and carbon dioxide changes it to the bicarbonate, 
having the formula Fe(HC 03 ) 2 , and it is found in all well and 
river waters. When exposed to the air it oxidizes and rust is 
deposited. This will appear on glasses and other vessels where 
it produces an unsightly appearance. It may be removed from 
bottles in which iron salts have been standing in solution, or 
from other glassware by adding a mixture of concentrated nitric 
and sulph'uric acids. 

428. Sulphides. Ferrous sulphide, FeS, may be made b}^ 
fusing fine iron filings with sulphur, or by the action of ammo- 
nium sulphide on a solution of a ferrous or ferric salt. It is 
usually brownish black, brittle and metallic looking when made 
by dry methods, but is yellow when pure. It is used for making 
hydrogen* sulphide. Ferric sulphide, FeS 2 , occurs as pyrites 
and is common. It has a metallic brassy look, often mistaken 
for gold. It is not reduced for iron, but is , used to obtain 
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sulphur used in making sulphuric acid, in which enormous quan- 
tities are used. Other sulphides of iron vary in composition 
from FeeSr to FeuSio. 

429. Cyanides. Iron and potassium form two important 
cyanides, potassium ferroc^^anide, K 4 Fe(CN) 6 , and potassium 
ferricyamde, K 3 Fe(CN) 6 , corresponding to the other ferrous 
and ferric compounds, the latter having the larger proportion 
of iron for each atom of potassium. 

Potassium ferrocyamde^ or yellow prussiate of potash, is a 
lemon yellow crystallized solid, and when pure is non-poisonous, 
which is exceptional in the case of cyanides. It contains three 
molecules of water. It may be made by treating iron or iron 
oxides with potassium cyanide, or by melting potassium car- 
bonate and adding gradually a mixture of iron filings and refuse 
animal matter. It is freely soluble in water, dissolving in three 
or four parts at ordinary temperatures. When heated it loses 
water and is decomposed into potassium cyanide, nitrogen and 
iron carbide. 

Potassium ferricyamde ^ or red prussiate of potash, may be 
formed by treating the ferrocyanide with chlorine, which unites 
with one atom of potassium, forming potassium chloride. It 
contains no water of crystallization and forms large dark red 
crystals which dissolve in water, forming a deep red tmstable 
solution. In an alkaline solution it acts as an oxidizing agent, 
tending to form the ferrocyanide and is used in dyeing. 

Ferric ferrocyanide ^ Fe 4 '''[Fe" (ClSOels, known as Prussian 
blue, is formed by adding a ferric salt solution to potassium 
ferrocyanide and appears ^as a dark blue precipitate. 

4Fe"'Ch-h3K4Fe"(CN)« re'"4[Fe"(CN)6la-f 12KC1 

Ferric ferrocyanide is used in a more or less pure form as 
Prussian-, Berlin-, Paris- or mineral-blue in water and oil 
colors and in printing fabrics; dissolved in oxalic acid solution it 
is used as ink and as laundry blue, but if used in the last manner 
the clothes must be thoroughly rinsed or the iron compound 
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reacts with the soda of the soap and produces rust. Ferric salts 
produce no precipitates with potassium ferricyanide, which 
serves as a test for ferrous iron. 

Ferrous ferricyanide, Fes" [Fe'" (ClSOds, or Turnbull's blue is 
formed by adding potassium ferricyanide to a solution of ferrous 
sulphate or any soluble ferrous salt. 

3re"S04-f 2K3Fe"'(CN)6 Fe"3[Fe'"(CN)6]2-h3K2S04 


430. The Reactions that Serve as Common Tests to dis- 
tinguish between ferrous and ferric iron may be summarized 
by the following tables: 


Add 

Potassium ferrocyamde 
Potassium ferricyanide 
Potassium sulphocyanate 
Ammonium hydroxide 


To a Ferrous Salt 
whitish precipitate 
Turnbull’s blue 
no change 
greenish 


To a Feme Salt 
Prussian blue 
no precipitate 
dark red liquid 
red brown 


Nickel 

431. Occurrence. Nickel comes from the Sudbury district 
of Ontario, Canada, and from New Caledonia. The metal is 
derived chiefly from nickel bearing iron ores, such as pyrrhotite, 
or from nickel blende, NiS, or from kupfernickel, NiAs, as found 
in Saxony and Bohemia. The metal is reduced according to the 
nature of the ore, usually by complicated processes. The ore is 
roasted and smelted in blast furnaces producing a matte con- 
taining nickel, copper and iron. The iron is removed in con- 
verters and the remaining product contains about 80% of nickel 
and copper with about 20% of sulphur. This mixture is reduced 
by various processes, one of which is the melting of the mass with 
sodium sulphide, while the copper sulphide and iron sulphide 
are separated after one or two more roastings. The nickel sul- 
phide is then roasted to the oxide and the latter is reduced by 
fusing with charcoal in graphite crucibles. 

432. Properties. Pure nickel is a grayish white metal with 
a slightly yellow appearance. It is very hard, but malleable and 
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ductile, if a little magnesium is added. Its specific gravity is 
about 8.6, varying somewhat with its treatment. It does not 
change in air at ordinary temperatures, but absorbs oxygen at 
red heat. It reacts rapidly with nitric acid but slowly with 
sulphuric acid or hydrochloric acid. Like iron it is magnetic 
and in contact with concentrated nitric acid, it becomes passive 
to the action of the acid. When finely divided, it combines with 
carbon monoxide at 100® forming nickel carbonyl, Ni(CO) 4 , 
which is solid at — 25° and deposits pure nickel when heated. 

433. Uses. Nickel is used in various alloys. 


Copper-Nickel Alloys 


Alloy 

Copper 

Nickel 

Zinc 

Other Constituents 

1 Uses, etc. 

Nickel coins 
English German 
silver 

Berlm Argentan 
Sheffield German 
silver 

Platinoid 

i 75 0 
i 61.8 

52 0 
57 0 

25 

19 1 

26 0 
24 0 

19 1 

22 0 
19 0 

\ 

A German silver 
with 1 to 2 per 
cent of tungsten 

High electri- 
cal resistance 


Monel metal consisting of nickel, 67.8%; copper, 28%; man- 
ganese, 2.5%; iron, 1.5%; vanadium 0.2% has the luster of 
silver, the strength of steel, does not corrode in moist air nor 
when exposed to the action of other agents that corrode most 
metals, resists acids, takes a high polish, may be molded or 
rolled to any shape, is very compact and is excellent for making 
springs. 

Nickel may take the place of cobalt in the acid resisting alloys 
shown in §436 or may enter into a special copper nickel alloy 
containing copper 45 to 55%, nickel 29 to 35%, lead 1 to 3%, 
zinc 5 to 9%, iron 4 to 8%, silicon %% ox less. 

Nickeloid is nickel plated zinc, while nickel steel is steel con- 
taining 2 to 4% of nickel, used as armor plates for battleships- 
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Nickel is used in nickel plating very extensively, where the 
bath is usually nickel ammonium sulphate, the anode is pure 
nickel, otherwise it is the same as silver plating. 

Compounds of Nickel 

434. Nickel Forms Two Series of Compounds, nickelous 
where the metal is bivalent and nickelic where it is trivalent. 
Among the more important compounds are nickelous chloride 
NiCb, which is formed by the action of chlorme on nickel filings. 
Golden yellow scales are obtained which give a green solution 
when boiling water is added. It may then be recrystallized to 
green crystals, NiCl2-6H20. Nickel sulphatCj NiS 04 . 7 H 20 , 
forms emerald green prisms that are soluble in three volumes of 
water at 10°. Nickel nitrate, Ni(N 03 ) 2 * 6 H 20 , is formed when 
nitric acid reacts with metallic nickel, the equation being similar 
to that for nitric acid on copper. Large dark green crystals are 
formed that are soluble in two parts of w^ater. They are not 
deliquescent in dry air, but melt at 56.7° in their water of crystal- 
lization. Nickelous hydroxide, Ni(OH) 2 , is an apple green, 
insoluble precipitate formed when a soluble hydroxide is added 
to a solution of a nickelous salt, and serves as a test for the pres- 
ence of nickel. Nickel salts are used as the catalyzer in the 
hydrogenation of fats and oils. See §558. 

Cobalt 

436. Occurrence and Preparation. Cobalt occurs with 
arsenic as smaltite, CoAs 2 , and as cobalt glance in CoAsS, or 
CoS.CoAsa. Iron and nickel often replace part of the cobalt. 
The ore is roasted and the product is dissolved in hydrochloric 
acid and treated with calcium hypochlorite, calcium hydroxide, 
and hydrogen sulphide which remove the other metals, and 
then, with calcium hydroxide, to precipitate cobalt hydroxide, 
Co(OH) 2 . This is converted into the oxide from which the 
metal may be obtained by heating in a current of hydrogen. 
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436. Properties and Uses. Cobalt, when pure, is white 
with a tinge of red. Its specific gravity is about the same as 
that of nickel. It is magnetic, malleable and tenacious. It 
melts at a temperature lovrer than that required for iron and 
dissolves in nitric acid. It is less tough than iron. 

Cobalt is now being used to some extent to make alloys for 
cutting tools. One formula show^s cobalt 35 to 65%, carbon 
2 to 5%, chroimum from 15 to 40% and tungsten 11%. An- 
other formula shows cobalt from 40 to 60%, carbon 2 to 5%, 
chromium 20 to 35%, tungsten 5 to 20% and iron 1 to 15%. 

Acid resisting alloys containing cobalt are made of cobalt 
80%, molybdenum 10%, iron 10% or part of the iron is replaced 
by manganese up to 4%. 

It is also used to a limited extent m electro-plating. 

437. Cobalt Compounds, like those of iron and nickel, are of 
two kinds, cobaltous when the metal is bivalent, and cobaltic 
when trivalent. 

Cobaltous Chlonde, Cods, is a red crystalhne sohd, containmg 
six molecules of water, and formed when hydrochloric acid acts 
upon cobalt carbonate. W^en heated the crystals turn blue. 
If a very dilute solution is used as ink, the writing is invisible 
but becomes blue when moderately heated or brown when 
strongly heated. If the heating is only moderate the blue writing 
may be made to disappear by breathing upon it. Cobaltous 
hydroxide^ Co(OH)2, is made as most hydroxides and is oxidized 
to cobaUic hydroxide, Co(OH)3, on standing in air. When heated 
they form respectively, cohaltom and cobaltic oxide, CoO and 
C02O3. Cobalt sulphide, CoS, is a black precipitate formed when 
ammonium sulphide is added to a solution of a cobaltous salt. 
Cobaltous cyanide, Co(CN)2, is a dirty red insoluble compoimd 
formed by adding potassium cyanide to a solution of a cobaltous 
salt. Smalt is a blue pigment made from cobalt glass, where a 
cobalt compound is heated with potassium carbonate and 
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quartz. It is then finely powdered. It does not change color 
in sunlight and is unaffected by acids and alkalies. 

438. Problems. 

1. How much carbon monoxide is required to reduce five tons of FeaOs*^ 
(§416). 

2 Show the quantitative formation of 40 grams of nickel carbonyl 

Ni+4CO-^Xi{CO)4 

3 How much nickel chloride is required to react with potassium 
hydroxide to form 60 grams of nickel hydroxide? 

NiCb -h2KOH->Xi(OH)2 -h2KCl 
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ALUMINUM, TIN AND LEAD 

Alumixum 


439. Compaxison of the metals of this chapter. 


Metal 

At. Wgi 

Valence 

Specific Graniy 

Melts 

Boils 

A1 

27 1 

3 

2 56->2 8 

658 7" 

1800° 

Sn 

118 7 

2,4 

7 -7 3 

232° 

1525° 

Pb 

207 2 

2 

11 35 

327° 

1580° 


Although aluminum is found in group 3 of the Periodic Sys- 
tem, and tin and lead are found in the fourth group, they will 
be described in the same chapter, since they are all common and 
well-known metals. 

440. Occurrence and Preparation. Aluminum is the only 
common metal of the third group, and occurs widely dis- 
tributed but always combined, as in feldspar, mica, cryolite, 
bauxite, clay, slate, corundum, etc., constituting in all about 
7.5% of the earth^s crust. Common alum is a double sulphate of 
aluminum and potassium, from which aluminum was first 
derived. 

Various methods of extracting aluminum from its ores have 
been used, but the expense of obtaining this important metal 
was so great that its use was formerly impossible. The metal is 
now prepared by the Hall process by electrolyzing aluminum 
oxide, AI2O3, commonly called alumina. The operation is con- 
ducted in large rectangular iron pots lined with carbon. (Fig. 
125.) The pot serves as the cathode while the anode is formed 
from a number of graphite rods hung from a copper rod. Some 
powdered cryolite is introduced, the anodes are lowered and the 
current is passed, fusing the cryolite, after which more cryolite 

321 
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is added and the aliiimniiin oxide is stirred in. The resistance 
decreases after the addition of the oxide which is decomposed 
into aiuminnm and oxygen. The oxygen goes to the anode with 
which it combinesj forming carbon dioxide. As a result the 
anodes wear away and must gradually be lowered into the bath 
and finally renew^ed. When the resistance increases it indicates 
that more aluminum oxide must be added. The amperage is 
250 to 300 for each carbon rod. The process is continuous and 
the aluminum is siphoned out at intervals. The cryolite is not 
decomposed and serves merely as a solvent for the aluminum 
oxide. Before the Hall process was used aluminum cost about 



Fig 125. Manufacture of Aluminum by the Hall 
Process 

$12 per pound, while the present cost is usually less than 40 
cents. Aluminum is also prepared by the electrolysis of alumi- 
num chloride, using aluminum chloride and sodium chloride as 
an electrolyte while the aluminum chloride is supplied con- 
tinuously at such a rate as to keep the bath saturated. The 
aluminum is kept in a molten condition by the heat developed 
and the chlorine is drawn off separately. Clay is not used as a 
source of aluminum because of the presence of iron, silicon, etc., 
which modify the properties of the metal. If suitable methods 
could be devised for extracting aluminum from ordinary clay, 
the price of aluminum could be greatly reduced. 
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441. Properties. Aluminum is a very light metal. It is 
white in color and has a higji luster. It is as strong as cast iron, 
malleablcj ductile, sonorous and a good conductor of heat 
and electricity but lacks toughness and resistance to strains. 
It is not oxidized readily by dr3^ or moist air, but after it is 
oxidized it should not be polished, since the coating of oxide is 
removed and fresh surfaces are exposed for oxidation. Alumi- 
num does not act readily upon water even at elevated tempera- 
tures. If heated in thin strips it bums in oxygen to the oxide. 
It reacts easily with hydrochloric acid forming the chloride, and 
with potassium hydroxide or sodium hydroxide forming alumi- 
nates and evolving hydrogen. Sulphuiic, nitric and organic 
acids do not act upon it at ordinary temperatures, but sulphuric 
and nitric acids act upon it at high temperatures, forming the 
sulphate and nitrate respectively. The reaction with potassium 
hydroxide may be written 

3KOH-h A1 KsAlOafsolution) +3H t 

Salts of aluminum act as either base formers or acid formers. 
If aluminum hydroxide is mixed with an acid it acts as a base 

A1(0H)3+3HC1 -^SHaO+AlCla 
but if it is mixed with a base it acts as an acid 

A1(0H)3+3K0H -> 3 H 2 O+K 3 AIO 3 

If sodium hydroxide is used instead of potassium hydroxide, 
sodium aluminate instead of potassium aluminate will be 
formed. 

442. Goldschmidts Thermit Process is now used quite 
extensively for the reduction of metallic oxides. It consists 
essentially in mixing an excess of the metallic oxide with one or 
more powdered metals or metallic alloys, and igniting the mix- 
ture at one point, from which the ignition proceeds throughout 
the mixture, with complete oxidation of the reducing element, 
forming a fluid slag, while the original oxide is reduced to a 
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metal, free, or practically free, from the element used as the 

As a simple illustration ferric 
oxide and powdered aluminum may 
be ignited by the use of a piece of 
magnesium ribbon. (See Fig. 126.) 

Fg 203 ”I” 2 AI — > Al203*4"2Fe 

The alimiinum has greater heat of 
oxidation than almost any other metal and since the alumi- 
num oxide is not volatile the heat is not lost and the temper- 
ature produced vdll reach 3000° or more. 

The process is applied practically in welding; e.g., an iron 
rail, where the joint is packed with the mixture and ignited. 
The iron goes to the bottom and the aluminum oxide to the top, 
the heat produced being sufficient to bring about the weld, with 
a resulting average strength of 30 tons per square inch, but which 
may be increased by the addition of 1% of nickel. Other uses 
for thermit are found in the production of carbon free metals 
and alloys, such as chromium, mangenese, molybdenum, ferro- 
titanium, ferro-vanadium, ferro-boron, manganese-copper, 
manganese-zinc, manganese-titanium, chromimn-manganese, 
etc.; which are of great value in the steel industry. 

Instead of using aliuninum a mixture of 60 parts of alimiinum 
and 40 parts of calcium may be used; or 2 parts of calcium and 
1 part of silicon; or a mixture of magnesium and silicon. 

443. Other Uses of Aluminum. Aluminum is made into 
scores of articles where strength, lightness and attractive ap- 
pearance are desired- The number of articles made from alumi- 
num is constantly increasing. 

Aluminum is used to some extent for covering grate bars in 
locomotives. The coating is made about 0.1 millimeter thick 
and the coated bars last about 4 times as long as the bare ones. 

A reenforced alumintim cable consisting of one part of steel 
to 4 parts of aluminum, has been shown to be equivalent to a 
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copper cable in carrying capacity and tensOe strength. The 
aluimnum must be at least 99% pure. It is also used in steel 
making, less than 1 part in 1000 being required to combine with 
the gases in the steel, thus preventing blow-holes. 

The following table shews some of the common 


Aluminum Alloys 


Alloy 

Copper 

Aluminum \ 

Magne- 

sium 

Others 

variable 

Uses, etc. 

Magnalium 

\ 

70-90 

10-30 


Very strong, non- 
corrosive, and can 
be turned in a 
lathe. Harder 

than aluminum 
but not as heavy. 

Aluminum 






bronze 

i 

90 0-98 

2-10 


\ 

\ 

j 

Tensile strength 
96,434 pounds per 
square inch. Can 
be used for yacht 
hulls. Takes high 
polish, and is very 
acid resistant. 

Aluminum 




1 


Silicon 


80-90 


Si 10-20; 

Specific gravity 
less than 2.7, suit- 
able for parts of 
internal combus- 
tion engines 


Some other aluminum alloys are: aluminum zinc, aluminum 
copper, aluminum nickel, iron aluminum, etc. 

Aluminum is used also as foil, powder and aluminum coated 
paper. It is used in some explosives such as ammonal. It is 
used to make hydrogenite which consists of aluminum powder, 
mercuric chloride and potassium cyanide which evolves hy- 
drogen when brought into contact with water. The world 
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production of aluminum amounts to at least 225,000 metric 
tons annually. 

An alloy consisting of Al, 7%; Zn, 24-25%; Cu, 3%; Mg, 
small amounts, resists corrosion while if the Al is increased to 
91%, copper to 6.5% and the zinc reduced to 2% the alloy 
becomes very ductile and suitable for airplane and automobile 
parts. 

The soldering of aluminum has presented many difficulties. 
Some of the recent aluminum solders and fluxes that have been 
put upon the market are shown in the following table : 


Al Solder 



Cu 

Al 

Zn 

Sn 

Pb 

Brass 

Ag 

Sb 

1 

1 5-2 

28 

37 5-36 5 

33* 





2 



20-70 

15-60 

10-60** 




3 



36 

61 


1-2 

1-2 


4 ! 

' 4 

4 

! 4 

1 60 

12 


10 

2*** 

5 1 



i 23 8 

76 2 


i 




*First melt the tin, then add Cu and stir till melted. Then add Al and 
Zn 

**First melt part Sn: add Pb then Zn, then more Sn and Pb, mixing 
and molding 

***Melt Ag, Cu and Al in graphite crucible hned with magnesia: add 
others gradually stirring -with a carbon rod covered with magnesia. When 
fused add 20 parts of borax, stir: remove the scum and cast m molds lined 
with magnesia 


Fluxes for Al Soldering 

Powdered rosin, 75%; vaseline, 20%; ammonia, 5%. 

Stearic acid, 64%; borax, 8%; rosin, 8%; powdered cinnamon 
bark, 20% for such a solder as No. 5. 

A recent British patent flux for welding aluminum gives as a 
suitable mixture KCl, 45%; NaCl, 30%; KF, 7%; LiCl, 15% 
and sodium or potassium pyrosulphate or pyrophosphate 
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1-10%. The last named substance is added as an. actiyating 
agent and reacts with the other substances only in the presence 
of AI2O3. The materials are all melted together in a vessel free 
from metallic oxide soluble in the flux, and after solidif\dng the 
homogeneous mass is powdered. 

Aluminum may be coated with zinc by first coatmg the surface 
with a flux consisting of sodium chloride 1 part, sodium fluoride 
3 parts, and potassium chloride 5 parts. The zinc coating is 
then placed b}" sherardizmg or by vapor galvanizing. See §500. 

444. Aluminum Oxide, AI2O3, called alumina, occurs native 
in many locahties as corundum, or as an opaque corundum con- 
taining iron oxide known as emery, and, next to diamond is the 
hardest natural product known. As an abrasive it has been 
displaced to a large extent by carborundum or crystolon and to 
a smaller extent by alundum, all manufactured products, which 
are harder than corundum. However, natural corundum is the 
only abrasive suitable for polishing glass. 

Alundum is made from a mixture of bauxite and coke, the 
principal ingredient being AI2O3. It is an electric furnace prod- 
uct, and comes from the furnace in large masses, which are 
crushed under heavj" pressure, the crushing strength being 
7}4 square inch. Alundum melts at 2020® C.; it has a 

thermal conductivity 2.1 times that of fire bricks, and a low 
electrical conductivity. Alundum is used in various ways, such 
as in wheels for cutting glass, for grinding steel, iron, nickel, etc., 
as crucibles, filter crucibles, combustion boats, etc. 

Crystolon is silicon carbide, very similar to carborundum. 
(See §346.) It is made in the electrical furnace (See Fig. 127) 
which is charged with silicon dioxide, Si02, and coke, with small 
quantities of saw dust and salt. The materials do not melt, 
but the oxygen of the Si02 is driven off and the silicon combines 
with carbon. It is characterized by extreme hardness and 
sharpness of grain. Crystolon is used in muffles, as linings in 
electrical furnaces, as pyrometer tubes, as wheels for cutting 
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glass, as sharpening stones, etc. A comparison of some abrasives 
IS shown in Fig. 128. 



Fig. 127. A Crystolon Furnace. 


Aluminum oxide may be prepared by heating the hydroxide 
or by burning the metal. It is a white powder, insoluble in water 

and not decomposed by heat. 
It fuses in the oxyhydrogen 
flame or in the electric furnace. 
It is used to polish hard metals, 
plate glass, etc. The pure 
crystallized varieties of alumi- 
num oxide are called corun- 
dum, many of which are 
transparent, and when colored 

Fio. 128. Comparison of Abrasives. ^ 

prized as gems, among which 

may be mentioned sapphire, topaz, ruby, amethyst, emerald, 
garnet, turquoise, etc. some of which are now made artificially. 
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Sometimes gems are artificially colored by bleaching them in a 
solution of tartaric acid and ferrous sulphate or copper sulphate 
after which they are dyed by placmg them in alcohol to which is 
added by degrees a water soluble aniline dye. 

446. Aluminum Chloride, AICI3, is a white or yellowish 
crystalline solid formed when a stream of chlorine is passed over 
an incandescent mixture of aluminum oxide and charcoal, at 
a temperature of 1600° to 2000°. 

AI2O3+3C -f 3CI2 3 CO T 4 - 2 AlCls 

It fuses and volatilizes a little above 190°. It dissolves in water, 
evolving considerable heat and if the temperature is raised 
hydrochloric acid is given off and aluminum hydroxide is 
formed. 

A1C13+3H20-^3HC1 1 +A1(0H)3 

446. Alum i num Hydroxide, A1(0H)3, formed as above or by 
adding ammonium hydroxide to alummum chloride is a white 
jellylike solid, resembling starch paste, insoluble in water. It 
dries in the air and when heated to high temperatures, water is 
given off and aluminum oxide is formed. 

2A1(0H)3 AI 2 O 34 - 3 H 2 O 

When aluminum hydroxide reacts with sodium hydroxide or 
potassium hydroxide, the aluminate of the metal and water are 
formed. 

A1(0H)3+3K0H -> K3AiOs-H3H20 

447. Aluminum Sulphate, Al2(S04)3.18H20, may be made 
from aluminum hydroxide and dilute sulphuric acid, the mixture 
being evaporated to crystallization. It is soluble in two parts of 
cold water. When heated it first gives off water and is then 
partly decomposed to sulphur trioxide and aluminum oxide. 
It is used for sizing paper, as a mordant in dyeing, etc. 

A mixture of aluminum sulphate and slaked lime is used for 
settling water, 

Al2(S04)3*f 3Ca{OH)2 3CaS04+2Al(0H)3 
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but if the water contains an abundance of lime none need be 
added to cause the water to settle. Iron sulphate may be used 
instead. The lime precipitates the iron as ferrous hydroxide 
which is oxidized to ferric hydroxide, and this coagulates the 
suspended matter. 

448. Alums. More widely known than aluminum sulphate 
are the substances known as alums of which there are several 
kinds. They are double sulphates containing 24 molecules of 
water of crystallization. Common alum is made by stirring a 
concentrated solution of potassium sulphate into a concentrated 
solution of aluminum sulphate which gives a double sulphate 
having the formula 

K2A1o(S 04)4.24H20 or K2SO4 Al2(S04)3. 24H2O 

This is known as alum or potassium alum. Alum is soluble in 
water^ especially when hot, from which the crystals are deposited 
on cooling. When alum is heated it loses its water of crystalliza- 
tion and becomes a porous white powder known as dehydrated 
or burnt alum. Other double sulphates give different iinds of 
alums, among which may be mentioned ammonia alum made 
from ammonium and aluminum sulphates, sodium alum from 
sodium and aluminum sulphates, etc. Chrome alum is a double 
sulphate of chromium and potassium, iron alum of iron and 
potassium, manganese alum of manganese and potassium. A 
number of other alums are known, and they may be said to 
consist of the sulphate of a trivalent metal as aluminum, iron, 
chromium or manganese, united with the sulphate of a univalent 
metal as potassium, sodium, lithium, rubidium, caesium, silver, 
and copper, (ous) the crystal containing 24 molecules of water of 
crystallization. Alum and aluminum salts are used as mordants 
in dyeing and calico printing. Many dyes wash out unless made 
“fast’^ or insoluble by the addition of a metallic salt. The cloth 
is first dipped into a solution of the aluminum salt and then into 
the dye. An insoluble metallic compound known as a 'dake^' is 
formed and the cloth will hold its color. Alum is also used in 
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tanning, in medicine, in purifjdng water, in making mixtures for 
rendering cloth, wood, etc., jfireproof, in making baking powders, 
as a size for paper, etc. 

For more detailed descriptions of dyes and dyeing see Chapter 
31. 

449. Bricks, Pottery, etc. Ordinary clay, formed chiefly 
from the decomposition of feldspar is an impure aluminum sili- 
cate containing the silicates of sodium and potassium, while pure 
clay, or kaolin, is a pure hydrated aluminum silicate having the 
formula Al2Si207.2H20, but it is hard to obtain it absolutely 
pure in nature and ordinary clay always contains many impuri- 
ties. (Fig. 129.) The decomposition is brought about by the 



Fig 129. Kaolin Deposits. 

action of the atmosphere, the dissolving out of soluble matter, 
the expansion and contraction due to changes of temperature, 
and the action of organic acids found in plants that become 
embedded in the soil. Analyses of normal clays show Si02, 
53 to 74%; AI2O3, 20 to 30%; Fe203, 5 to 9%; CaO, 0.36 to 4%; 
MgO, 0.31 to 2%; Na^O and K2O, up to 3.64%; SO3 up to 1%; 
CO2 and H2O up to 17%. If the clay contains more than 5% 
of CaO and MgO togeuier it is caued a limy clay. Shale is 
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clay hardened by pressure. Slate is a form of shale in which a 
fine, even and parallel cleavage has been developed by pressure. 

Bricks are blocks of claj’, molded when wet and then burned. 
Adobe bricks are sun dried and not burned. They may be used 
where the climate is warm and dry but since they are reduced 
back to clay by the action of water they are not suitable for 
outside use in a moist climate. Burned bricks may not be 
changed back to clay by the action of water, but when they are 
pulverized to a powder and mixed with water, or with water, 
sand and lime they may be made into a good hydraulic cement. 

Fire Bri cks are made from clays that will withstand an intense 
heat. They are tempered by adding to the raw clay a portion of 
clay that has been burned until it no longer shrinks. The 
material is ground with coarse sand or feldspar, molded and 
burned. Fire bricks are used for the hnings of furnaces, or the 
fire clay may be molded into retorts for gas makers, for zinc 
smelting, or pots for glass makers, etc. 

Drain Tile is made from clay as used in brick making, but 
since this gives a porous tile it is not suitable for sewer pipes so 
that for the latter, fire clay is used. Fire clay should be dug in 
the fall and exposed to frost during the winter, the weathering 
making it more suitable for use in the spring. 

Roof Tiles are made from either brick clay or fire clay. 
After brnming they are glazed and are then put back into the 
ovens and left until the glaze begins to run. The glaze may be 
made from a mixture of lead oxide and calcined flints. When 
iron filings are used the glaze is black, while copper slag gives a 
green glaze and smalt gives a blue color. Tile is considered the 
best roofing. It is a non-conductor of heat making the building 
cooler in summer and warmer in winter. Buff tile does not 
absorb the heat of the sun, and there is no tendency to crack 
with changes of temperature. In addition to these advantages 
the surface of the tile is smooth and very little dirt sticks to the 
surface so that where rain water is used it is much cleaner if 
collected from a tile roof than from either slate or shingles. 
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Glazed Bricks are made in a manner similar to glazed tile, the 
glaze being pure white clay. Vtirefied paving bricks are made 
from clays free from sand, the clay being ver^^ finely pulverized 
and the temperature of burning being 800® to 1000®. 

Kaolin is used for the finest kinds of pottery. Other materials 
such as sand, feldspar, quartz, etc., are added to the kaohn to 
diminish shrinking when baked. These substances also diminish 
plasticity. 

Porcelain is the finest kind of pottery and is hard, dense, white, 
and semitransparent except when thick. Stoneware^ as the 
ordinary jugs, jars, etc., is similar to porcelain, but made of 
cheaper materials; crockery is a fine grade of stoneware, while if 
less pure materials are used it is known as earthenware, common 
pottery , or terra cotta. Porcelain and ston ewa re are semivitreous , 
while faience, etc. are porous. Most of these forms are glazed 
before being sold. 

The glazing for porcelain consists of kaohn and quartz reduced 
to a fine powder and suspended in water into which the article 
is dipped, and then subjected to a second baking to fuse the 
glaze. Faiences made from plastic clay mixed with quartz, are 
glazed with a mixture of quartz, potassium carbonate and lead 
oxides. The glaze may be made opaque by adding tin oxide. 
Common pottery is usually glazed by throwing salt into the 
baking ovens before the baking is finished. 

Tin 

450. Occurrence and Preparation. The commercial source 
of tin is cassiterite or tin stone, Sn 02 , which is often accompanied 
by jnispickel, FeSAs, and iron pyrites, FeSs, which must be 
removed before smelting. This is done by roasting, which 
changes the iron to the oxide that may be removed by washing. 

The largest supply of the ore comes from the Malay States, 
the next important tin producing country being Bolivia, while 
the Cornwall district of England is third. The amount found in 
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the United States is very small, but a little has been shipped 
from South Carolina, South Dakota and Alaska. 

The tinstone is reduced in a shallow blast furnace charged with 
ore and charcoal and only a moderate blast is used but the metal 
always contains iron. It may be reduced in a reverberatory 
furnace, the ore being mixed with 15 to 20% of anthracite or 
semibituminous coal, and heated strongly for three or four hours. 
Some lime is usually added to turn the coal ashes to slag which is 
skimmed off preferably before withdrawing the metal, as it is 
very free from tin and may be rejected. If the slag contains 
much tin it usually has to be resmelted several times at a high 
temperature with the addition of scrap iron or iron ore which is 
reduced in the operation, with the yield of a poorer quality of 
tin. The iron is removed by melting the tin on the sloping 
hearth of the reverberatory furnace, the tin melting first while 
the iron remains solid. The other impurities are then removed 
by oxidation either by thrusting green sticks into the melted tin, 
known as ^‘boiling,” or by pouring it from ladles in a fine stream, 
called '^tossing,” or by blowing air into the molten mass. 

461* Properties. Tin is a white metal resembling silver. 
It is soft, malleable and ductile, but without great tenacity. 
It is harder than lead. Melted tin rapidly oxidizes to the white 
oxide of tin, Sn 02 , although it is unchanged in the air at ordinary 
temperatures. When a bar of tin is bent, a peculiar noise, called 
the cry of tin, is heard. Ordinary nitric acid poured upon tin 
converts it to metastanmc acid, while red vapors of nitrogen 
tetroxide are evolved. 

4HN03 4-Sn-^H2Sn03+2N204 T +H 2 O 

Very dilute nitric acid gives hardly any red vapors and the 
chief products are tin nitrate and ammonia. Concentrated 
hydrochloric acid converts it to stannous chloride, SnCh; 
hot concentrated sulphuric acid forms stannous sulphate, SnS 04 
while sulphur dioxide is evolved. With sodium hydroxide or 
potassium hydroxide, hydrogen is evolved and an alkaline 
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stannate is formed. Tin may be precipitated from its solutions 
by zinc. It combines directly with chlorine forming stannic 
chloride, SnCb. Tin sometimes changes into a gray, pulveru- 
lent, lighter modification, specific gravity 5.85, when kept at a 
temperature below 20°. 

452. Uses of Tin. Thin clean pieces of sheet iron dipped 
into molten tin receive a coating of tin and are known as tin 
plate or tin. They are used for kitchen utensils, roofing, etc. 
Copper may be covered in the same way and is used for cooking 
vessels. ‘ Tin is used to coat pins, tacks, etc. It is rolled and 
hammered into tin foil and enters into several alloys. 


Tin Alloys 


Alloy 

T'ln 

Anti- 

mony 

Copper 

Other 

constituents 

Uses, etc. 

Britannia 






metal 

90 62 

7 92 

1 46 



White metal 

82 00 

12.00 

6 00 


Variable in uses and 

Pewter 

80 00 



Lead 20 00 

composition 

Solder, fine 

66 67 ! 



Lead 33 33 

The melting pomt 

Solder, tin 

50 00 



Lead 50 00 

increases with the 

Solder, 





lead 

plumbers’ 

33.33 j 



Lead 66 67 



A soldering flux said to be suitable for soldering at tempera- 
tures as high as 400° is composed of zinc chloride, 65% ; ammo- 
nium chloride 10%; with 25% of a mixture consisting of 
potassium chloride 56% and sodium chloride 44%. 

463. Stannous Oxide, SnO, is not important. Stannic 
oxide, Sn 02 , as found in nature occurs as hard transparent 
crystals of a yellowish brown or black color. Artificial stannic 
oxide is a faint yellow color when hot, and white when cold. 

464. Chlorides. Stannous chloride, SnCb, prepared by 
heating tin in hydrochloric acid gas is a white or grayish sub- 
stance, greasy and almost transparent. It fuses at 250° and 
boils at 600°. If tin is dissolved in hot concentrated hydro- 
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chloric acid and the liquor is evaporated and cooled; transparent 
greenish crystals, SnCl 2 . 2 H 20 , known as tin crystals or tin salt 
are formed. Stannous chloride dissolves in a little water form- 
ing a clear solution which becomes cloudy if much water is 
added, forming an oxychloride. Stannous chloride reduces 
mercuric chloride to mercurous chloride and is itself oxidized to 
stannic chloride. 

SnCl 2 4-2HgCl2 — 8nCl4-h2HgCl 

If an excess of stannous chloride is added the rest of the chlorine 
is taken from the mercurous chloride and metallic mercury 
appears. Stannous chloride is used as a mordant in dyeing and 
produces brilliant colors. (See Chapter 31). 

Stannic chloride, SnCh, formed when tin foil is thi’own into 
jars of chlorine gas, is a liquid giving white fumes in the air. It 
may be prepared by passing chlorine gas over tin in a small 
retort, giving a yellow liquid that is decolorized by adding a 
little mercury. It boils at 120° and has a specific gravity of 2.28. 
It is formed when tin is dissolved in aqua regia or when chlorine 
is passed into stannous chloride. The action of chlorine upon 
tin is the basis of the process commonly used to recover tin 
from tin scrap. The scrap plate is cleaned, dried and exposed 
to dry chlorine gas giving the stannic chloride, which is used in 
mordanting. By a recent British patent, tin is recovered from 
scrap by electrolysis. 

Lead 

455. Occurrence and Preparation. Lead, known from antiq- 
uity, does not occur free in large quantities, but is found widely 
distributed m compounds. The annual amount produced is 
over 800,000 tons of which the United States produces more 
than one-fourth. The chief source of the metal is galena, PbS, 
found in abundance in several of the states of the central west 
and far west of the United States, in Germany, Spain, New 
South Wales, England, Mexico, etc. 
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The sulphide is roasted in blast furnaces. The ore, mixed 
with iron, a flux and coke, is heated and the lead is set free, while 
the iron forms ferrous sulphide. If the ore is rich in lead it is 
usually heated in a reverberatory furnace in contact with air. 
Part of the lead sulphide is oxidized to the oxide, part to the 
sulphate. 

3PbS+502 2Pb0+PbS044-2S0> T 

The sulphide, oxide and sulphate are then heated to a higher 
temperature without air and the reaction is as follows: 

2Pb0+2PbS-|-PbS04 5Pb+3S02 { 

The ore may be reduced by electrolysis. The bottom of the 
reduction pan is made the anode, crushed lead sulphide is the 
cathode and dilute sulphuric acid is the electroljrbe. Since the 
acid is electrolyzed as well as the lead sulphide, the sulphur is 
evolved as hydrogen sulphide and the spongy lead collects at 
the bottom of the pan. If the ore is very poor it is treated for 
24 hours at red heat with lime and air. A mixture of lead sul- 
phate and calcium sulphate is produced and this is mixed with 
coke and reduced in a closed furnace. 

456. Properties. Lead is a blue gray metal with a brilliant 
luster when freshly cut but it soon tarnishes. It is soft, mallea- 
ble and ductile, but is not tenacious enough to be drawn into 
very fine wires, although it may be rolled into sheets. Melted 
lead contracts on cooling. Heated in air lead changes to the 
oxide, PbO. Pure water, when air is present dissolves a little 
lead, while if decaying organic matter is present the lead dis- 
solves readily. This explains the presence of small amounts of 
lead in rain water, where lead spoutmg and tanks are used. 
Cheap tinware containing lead should not be used for cooking. 
The presence of lead salts in water makes the water unfiit to 
use since the salts are poisonous. If the water contains sulphates 
or carbonates the action soon ceases as they form a protective 
coating on the lead, so that lead pipes may be used for hard 
water. 
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Concentrated boiling hydrochloric acid slowly dissolves lead. 
Dilute sulphuric acid does not act upon it but concentrated 
sulphuric acid reacts with it to some extent and lead is, therefore, 
often found in sulphuric acid. (See §297 .) 

Nitric acid, if comparatively dilute, reacts with lead forming 
lead nitrate, Pb(N 03 ) 2 . Acetic acid, which is contained in 
vinegar, fruit acids, etc., reacts with lead so that the use of lead 
vessels is unsafe. Lead is easily replaced from solutions of its 
salts by zinc. 

An illustration of lead poisoning is seen in painters^ colic. 

457. Uses of Lead. Lead is used for shot, for water and 
gas pipes, and as sheet lead is used on roofs, as linings for 
troughs, etc. It is used in type metal and other alloys. 

The addition of the arsenic to the melted lead causes the 
melting point to be lowered. Hence when the lead-arsenic 
alloy flows through the sieve at the top of the shot tower (about 
200 feet high) the mixture remains liqmd long enough to enable 
the drops to become spherical. The falling shot drops into a 
tank of water at the bottom of the tower, thus preventing 
flattening. 


Lead Alloys 


AUoy 

head 

Antimony 

Tin 

Other 

Constituents 

etc. 

Type metal 

70 0 

18 0 

10 0 

Cu2 0 


Type metal 

82 0 

14.8 

3.2 


For stereotyping 

Bearing metal 

84 0 

16.0 



For slowly revolv- 






ing axles 

Bearing metal 

60.0 

20.0 

20 0 


1 

Shot metal 

99 6 1 



As 0.2 to 0.40 
1 

i 


Lead chambers and evaporating pans are used in the manu- 
facture of sulphuric acid. Spongy lead is used in storage bat- 
teries. It is not used in ^lead” pencils although lead will leave 
a mark when drawn over paper. (See §248.) 



ALUMINUM, TIN AND LEAD 339 

Lead Compounds 

458. Oxides. Lead forms four or five distinct oxides, the 
suboxide, Pb20; the monoxide, PbO; the sesquioxide, Pb203; 
the tetroxide, Pb304; and the dioxide, Pb02. 

Lead monocddey PbO, may be made by heating lead nitrate, or 
by heating lead in air to high temperatures. It is a yellowish 
powder known as massicot, or a crystalline mass called litharge. 
It is used in making flint glass, oils, varnishes, and for certain 
lead compounds. It is easily reduced by hydrogen, carbon, or 
carbon monoxide. It is slightly soluble and gives an alkaline 
reaction. 

Lead Tetroxide, red lead, or minimn, Pb304, is a red powder 
made by heating lead oxide in the air to 350°. The amount of 
oxygen varies sHghtly and so does the color. Heated to a high 
temperature it loses oxygen and becomes lead oxide. It is used 
in making paints and in plumbing and gas fitting to make tight 
joints. It seems to be a chemical compound. 

Lead Dioxide, Pb02, is a brown powder formed when red lead 
is treated with dilute nitric acid. It is insoluble in water. It 
loses half its oxygen when heated and is reduced by such sub- 
stances as hydrochloric acid. 

459. Lead Carbonate, PbCOa, may be formed by adding a 
solution of ammonium carbonate to a solution of lead nitrate. 
If the carbonate of sodium or potassium is used, basic carbonates 
of varying composition are formed, the most important being 
white lead, 2PbC03.Pb(0H)2. It is a heavy white powder used 
as paint when mixed with linseed oil, with or without coloring 
matter. It is made by several processes among which the most 
important are the following: 

460. The Dutch Process. In the Dutch proems sheets of 
lead made into buckles are exposed to the action of vinegar, air 
and carbon dioxide formed by the decay of organic matter, such 
as horse manure. (Kg. 130.) The lead is placed in an earthen- 
ware vessel with the vinegar in the bottom, not touching the 
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lead. The vessels are then placed upon the organic matter. 
At first an acetate is formed, and this is changed to the basic 
carbonate by the action of the carbon dioxide. The operation 



Fig. 130. Lead Buckles and Corroding Pot. 

requires two or three months. (Fig. 131.) Fig. 132 shows a 
white lead grinding machine. The manufacture and use of 
white lead is, however, now prohibited in France. 

461. In the electrolytic process the method is essentially the 
action of sodium acid carbonate on lead hydroxide. The anode 
is lead, the cathode is copper and the electrolyte is a solution of 
sodium nitrate. Nitric acid formed at the anode unites with the 
lead to form lead nitrate, while sodium at the cathode forms 
sodium hydroxide which reacts to form the lead hydroxide and 
sodium nitrate. The hydroxide is then treated with sodium acid 
carbonate. The process is very rapid and is said to be satis- 
factory. If lead sulphide forms in the carbonate the paint turns 
dark. 

462. In the Carter Process, the lead is atomized by being 
melted and blown through a nozzle while steam is blown 





Fig. 131, Removing the Lead Buckles 
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through it. Th© lead is divided into very fine particles that are 
slightly oxidized. (Fig. 133.) Then about 4000 pounds are 
placed in a wooden cylinder 6 feet in diameter and 10 feet long, 
that revolves slowly on a horizontal axis. The lead is treated with 
dilute acetic acid and carbon dioxide, the acid being sprayed in 
at intervals while the carbon dioxide is admitted through an 



opening in the center of the head. The carbon dioxide is made 
from the complete combustion of coke. The lead is kept moist 
by water. (Fig. 134.) When the acetic acid acts upon the lead, 
various basic lead acetates are formed. The carbon dioxide 
acting upon these forms basic lead carbonate and re-forms 
acetic acid, which may be used over and over upon the lead and 
lead oxide until it is all used and the process is complete. As 
the cylinder revolves the mixture is carried part way up and 
then rolls down, grinding the carbonate from the surface of the 
lead and reducing it to a very fine powder. No external heat 
need be applied since the heat of the action is suflSicient, the 
temperature being about At the end of 15 days the car- 
bonate is taken out, washed to remove the acetic acid or lead 
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acetate, then floated in water to remove any lead that may have 
been unacted upon. The carbonate is then run into tubs where 
it settles and the water evaporates. Before it is sold it is mixed 
with 8% of raw linseed oil so as to keep it phable. 

463. Other Lead Compounds. Lead Sulphde, PbS, as 
galena, is the source of lead and occurs in crystals resembling 
lead. It mSiV be formed in the laboratory by hydrogen sulphide 
acting upon solutions of lead salts, a black precipitate being 
given. 



Fiq. 134. The Carter Process — Corroding the Lead. 


Lead Nttrate, Pb(N 03 ) 2 , formed by dissolving lead, lead oxide, 
or lead carbonate in nitric acid is a crystalline salt, easily soluble 
in water and is decomposed by heat into lead oxide and nitrogen 
tetroxide. 

Lead Sulphate^ PbS04, occurs in nature or is formed by the 
action of lead on sulphuric acid or by adding a soluble sulphate 
to the solution of a lead salt. It is nearly insoluble in water but 
is soluble in sulphuric acid, and reacts with nitric and hydro- 
chloric acids. When heated to redness it loses sulphur trioxide. 

Lead Acetate, Pb(C 2 H 302 ) 2 , or sugar of lead, is formed when 
acetic acid acts upon lead or lead oxide. It is soluble in water 
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and is used to some extent in medicine in cases of ivy poisoning, 
etc. Probably the most effective remedy for ivy poisoning is to 
wash the blisters first with a 5% solution of carbolic acid, 
followed immediatel}^ (without drjdng) by a saturated solution of 
lead acetate. Usually three or four such applications will 
produce a cure. 

Lead Chloride, PbCb, is formed when hydrochloric acid or a 
soluble chloride is added to a cold solution of a lead salt. A 
white solid, soluble in hot water is obtained. This is one of the 
standard tests for lead. 

Lead iodide, PbU, and lead chromate, PbCr 04 , are formed 
when a solution of a lead salt is added to potassium iodide and 
potassium chromate respectively. 

464. Problems. 

1. Write the quantitative equation where 10 grams of aluminum react 
with potassium hydroxide. (§441). 

2. When carbon and chlorme react with 50 grams of aluminum tnoxide 
how many grams of aluminum trichloride will be formed"^ (§445) 

3. How much aluminum hydroxide can be formed from the aluminum 
chloride that is obtained in the preceding problem'^ (§445). 

4. How much mercurous chloride will be formed when 25 grams of 
stannous chlonde react wuth mercuric chloride*? How much stannic 
chloride? (§454). 

5. If 100 grams of lead oxide, PbO, are reduced, how much lead is 
obtained*? 

PbO+H2“>HoO-l-Pb 



CHAPTER XXI 


COPPER, SILVER, GOLD AND PLATINUM 

In this chapter we shall study four metals, the first three being 
rather closely connected according to the periodic system, being 
found in the first group, while platinum occurs in an entirely 
distinct sub-group in group 8, but will be described in this 
chapter because of numerous similarities in properties and 
uses. 

465. Comparison of the metals of this chapter. 


Metal 

At. Wgt 

Valence 

i specific Gramty 

Melts 

Boils 

Cu 

63 57 

1,2 

1 8 5 - 8 95 

loss'* 

2100° 

Ag 

107 88 

1 

! 10.42-10 6 : 

96V 

2050° 

Au 

197 2 

3 

; 19 3 

1063° 

2500° 

Pt 

195 2 

4 

j 21 1-21 5 

1755'^±20° 

1 


Copper 

466. Occurrence. Copper, known for more than 2,000 
years, occurs both free, as in the mines of Michigan, and com- 
bined as copper oxide, CuO, copper sulphate, CUSO4, copper 
carbonate, CuCOs, in the mines of Arizona, as cupric sulphide, 
CuS, cuprous sulphide, CU2S, and in various ores containing 
iron and copper combined with sulphur, having such formulas 
as CuFeS2, known as chalcopyrite, and CusFeSs, known as 
bornite, as found in Montana. The compounds of copper are 
known as cuprous compounds where the metal acts as a imi- 
valent, and as cupric compounds where it is bivalent. 

467. Preparation. Copper ore is crushed, washed to remove 
impurities and then treated according to the composition of the 
ore. The oxide and carbonate are easily reduced by being heated 
with coke which forms carbon monoxide and sets the copper 
free. If the ore is a sulphide or a double sulphide, the treatment 
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is more complicated. Concentration of copper ores by flotation 
is widely followed. See §355 for the method. The ore is roasted 
in a reverberatory furnace (see Fig. 135) where part of the suF 
phur is changed to sulphur dioxide and some of the sulphide is 
changed to the oxide. Any iron sesquioxide, Fe 203 , produced 
by the roasting combines with part of the ferrous sulphide to 
form ferrous oxide, FeO, and sulphur dioxide. The ferrous oxide 



Fig. 135, Reverberatory Furnace for Copper. 


with any calcium oxide, aluminum oxide, etc., that may be 
present imite with silicon dioxide that is present in the ore form- 
ing a slag; while the copper and the remaining iron and sulphur 
unite to form the matte which takes up the gold and silver if 
any is present, and sinks while the slag rises. The copper in the 
matte varies from 35 to 50% while in the slag it is about 
The slag is skimmed off through a hole at the end of the furnace 
opposite the fire box and is thrown on the dump after making 
sure that it is free from matte. The matte is removed from the 
side of the furnace through a hole that is closed with a clay plug. 
Neither slag nor matte is completely removed as the melted 
mass retains heat and causes the new charge to melt more 
rapidly. 

The reverberatory furnace method is the best for fine ores 
and the blast furnace method for coarse ores. The blast furnace 
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is similar to that used for iron ores, (see §415) differmg chiefly in 
si 2 ie, shape, and materials used in construction. After the 
matte is drawn from either style of furnace it is taken to the 
converters or cast in molds. The converter is similar to that 
used in making Bessemer steel, (see §417) differing chiefly in the 
position of the tuyeres which are placed several inches above the 
bottom. The converters are often placed in a horizontal posi- 
tion instead of in a vertical position so as to have less depth, 
thus saving both blast and material which would otherwise be 
blown out. (Fig. 136.) The elements to be removed by the 
blast are from 50 to 65% 
of the whole charge and 
are chiefly sulphur and iron 
instead of about 6% as 
when iron is converted to 
steel. The time, therefore, 
to convert a ten ton charge 
is about 2 hours instead of 
about 15 minutes as in the 
case of iron. The linings of 
the converter must be 
renewed frequently and 
usually last from 3 to 6 
charges. The slag from the 
converter contains IJ^ to 
23 ^% of copper and is re- Fig. 136 Filiing a Copper Converter, 
smelted. Copper produced 

by this method is toown as blister copper. (Fig. 137 .) 

468. Refining of Copper. Since copper prepared in this 
way is only about 98% pure it must be refined. This may be 
done by blowing compressed air into it to remove by oxidation 
small amounts of iron, sulphur and arsenic, but most of it con- 
tains enough gold and silver to make refining by electrolysis 
profitable. In this method thin sheets of electrolytic copper 





348 


CH^IMISTRY IN EVERYDAY LIFE 


having an area of about 6 square feet on each side form the 
cathodes and are arranged in parallel. The anodes are plates 
of cast copper from the converter with an area the same as the 
cathodes and arranged the same way. The electrolyte is copper 
sulphate and free sulphuric acid. Hydrochloric acid or salt is 
added to precipitate silver that might otherwise collect on the 
cathode with the copper. A current of 8 to 18 amperes per 
square foot of cathode surface is passed and the crude copper 



Fig 137. Emptying a Copper Converter. 

dissolves and is deposited upon the cathode. The solution is 
kept at a nearly uniform temperature and is stirred from time 
to time to insure uniformity in composition. The gold and 
silver fall to the bottom with various impurities forming a 
slime which is removed at intervals and is refined by appro- 
priate methods. 

469. Physical Properties. Copper is a bright reddish 
colored metal. It is malleable, ductile, flexible, hard and tough, 
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and may be easily worked but does not yield good castings of 
large size. When rubbed with the hand it gives a disagreeable 
odor. It can be volatilized in the oxyhydrogen flame. It is an 
excellent conductor of heat and electricity, standing next to 
silver. Copper is second to iron in tenacity and stands third 
in malleability. 

470. Chemical Properties. In dry air copper is unaltered, 
but it absorbs oxygen in the presence of water and carbon 
dioxide, forming a green hydrocarbonate of copper. At bright 
red heat it decomposes water. 

, Copper stands below hydrogen in the list of chemical activity, 
(see §36) so that no hydrogen is evolved when the metal is 
placed in dilute acids. Nitric acid reacts with copper according 
to the manner described in § 135, f ornung the nitrate and nitrogen 
dioxide; hot sulphuric acid gives the sulphate and sulphur 
dioxide; boiling hydrochloric acid gives cuprous chloride and a 
slow evolution of hydrogen. WTien heated in the air to high 
temperatures it forms black copper oxide, CuO, if oxygen is in 
excess, otherwise it forms the red cuprous oxide, CU 2 O. At high 
temperatures copper colors the Bunsen flame green. Copper will 
replace such metals as mercury from solutions of their com- 
pounds, but is replaced by such metals as zinc, iron, magnesium, 
etc, 

471. Uses of Copper. Copper is used for various pieces of 
laboratory apparatus, stills, retorts, beakers, etc., foi* kitchen 
utensils, for electric cables, djmamo and motor windings, as 
sheeting for the bottoms of ships and the roofs of houses, in 
coins, electrotypes and in many alloys and for copper plating. 

Compounds of Copper 

472. Copper Sulphate, CuS04*5H20, commonly called blue 
vitriol or blue stone, may be made by treating copper with 
sulphuric acid, but if purity is not essential it is often made by 
roasting copper ore, and thus made will contain ferrous sulphate. 
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Copper .Alloys 


Alloy 

|Copp^/| Zmc 

Tin 

Othei 

. cotihtitvenis 

Uses, etc 

Brass 

63-73 

27-37 


\ 

f 

Typical brass 






Dutch metal 






Aluntz metal and 






Pinchbeck are 






varieties of brass 

Mosaic gold 

65 00 

35 00 




Gun metal 

91 00 


9 00 


Foi ordnance 

Bell metal 

76 50 


23 50 

* 


Speculum 





Mirrors and gratr 

metal 

66 6 


33 4 


ings for work in 






light; British corns 

Bronze 

95 0 

1 0 

4 0 



Phosphor 






bronze 

82 25 


12 95i 

Pb, i 2S; P, 0 52 


Phosphor 






bronze 

79 7 


10 

Pb, 9.5 P, 0 8 


Manganese 




Mn, 13 48; Fe, 


bronze 

83 45 



1 24; Co, 0 11, 

Yellowish gray 

Manganese 




Mn, 16.86; Fe, 


bronze 

81 03 



1 67; Co, 0 06 

Yellowish white 

Silicon 






bronze 

99 94 


0 03 

Fe, Si, trace 

Telegiaph wire 

Silicon 






bronze 

97 12 

1 12 

1 14 

Fe, Si trace 

Telephone wire 

Bearmg 




Pb, 14; Sb, 6;P, 1 


metal " 

79 



See also §500 



When heated to 240 "^ copper sulphate loses its water of crystal- 
lization and becomes dehydrated copper sulphate, CUSO4, a 
white powder that becomes blue again if brought in contact with 
water. It therefore serves as a test for water and may be used 
as a dehydrating agent. Copper sulphate dissolves in four parts 
of cold, or in two parts of boiling water yielding a blue solution. 
With an excess of ammonia, copper sulphate forms copper 
ammonio sulphate, CuSO4.4NHs.H2O, which separates as dark 



COPPER, SILVER, GOLD AND PLATINUM 


351 


blue crystals when alcohol is added. Copper sulphate is used in 
medicine, in dyeing black on wool or cotton, as a preservative of 
wood, as an insecticide, in electrotyping and for electric bat- 
teries. It is poisonous and must not be tasted. Bordeaux 
mixture is made from 8 parts of copper sulphate solution with 8 
parts of lime dissolved in 10 parts of water. It is used for spray- 
ing grape vines, etc. 

473. Other Compounds. Copper forms two chlorides, 
cuprous chloride, CuCl, white crystals that are insoluble in 
water, and cupric chloride, CuCh, blue-green crystals soluble 
in water and containing two molecules of water of crystalliza- 
tion. There are two sulphides, cuprous sulphide, CU 2 S and cupric 
sulphide, CuS, the latter being formed when hydrogen sulphide 
is passed into a solution of a copper salt or by fusing copper with 
sulphur. There are two oxides. Cuprous oxide, CU 2 O, occurs 
native or may be prepared as a bright red crystalline powder 
by boiling a solution of copper acetate with grape sugar. Cupric 
oxide, CuO, is a black solid formed by heating copper nitrate, or 
by heating copper in an excess of air to a high temperature. It 
may be reduced by hydrogen or carbon, and is therefore used in 
the laboratory for the analysis of organic substances and to de- 
termine the gravimetric composition of water. (Fig. 138.) 



Fig 138. Reduction of Copper Oxide by Hydrogen. 

Copper nitrate, Cu(N 03 ) 2 , is a blue crystalline solid formed by 
the action of nitric acid on copper. It contains 3 or 6 molecules 
of water of crystallij^ation, is soluble in water and is decomposed 
by heat into cupric oxide and nitrogen oxides. Green verdigris is 
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copper subacetate Cu0.Cu(C2H302)2.6H20 and is used in pig- 
ments, dyeing, etc. Verdigris varies in color and to some extent 
in composition. 

The most delicate test for dissolved copper has been found to 
be that of Ohrmann-Spitzer which will detect 0.000000005% 
of copper. The reagent consists of 1.5 gram each of alpha- 
naphthol, paraphenylenediamine and sodium hydroxide dis- 
solved in 100 cc. of distilled water. It is diluted from 1 to 100 
before use. To 3 cc. of the solution to be tested add 0.5 cc. of the 
dilute reagent and heat to 100°. A red or violet color indicates 
copper. 

SiLVEK 

474. Occurrence. Silver has been used for money, orna- 
ments, etc., for thousands of years. Much of it is now obtained 
as a by-product in lead or copper smelting, but it occurs free, 
or combined with sulphur; antimony and sulphur; arsenic and 
sulphur; copper, antimony and sulphur; or with chlorine as the 
more important ores. 

475. Extraction of Silver. Several methods are used to 
extract the silver from its ores. Among these may be mentioned 
the Patio or amalgamation process where the ore, after being 
crushed, is mixed with salt which changes the silver to silver 
chloride, from which the metal may be extracted by amal- 
gamating with mercury and distilling the amalgam, when the 
mercury passes oflf as a vapor and is condensed for further use. 
The loss of mercury is rather heavy since the process may require 
several weeks. 

Another method depends upon the formation of a silver zinc 
alloy. The mixture of lead and silver is melted, zinc is added 
which combines with the silver and floats upon the lead. After 
skimming, the lead, mixed with the silver and zinc, is mostly 
pressed out and the zinc is removed by distillation. The silver, 
still containing a little lead is then melted in a bone-ash porous 
cupel. The lead is oxidized to litharge, and is driven off by 
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blasts of air or is absorbed by the cupel. The silver does not 
oxidize since it is covered by the litharge which at last bursts, 
exposing the silver as a bright liquid that is then removed. 

476. Properties of Silver. Silver is a very brilhant white 
metal, very malleable and ductile, and is the best conductor 
of heat and electricity. In hardness it stands between gold and 
copper. It melts at about 961®, and when fused absorbs 22 
times its volume of oxygen which is given off again when the 
metal cools, causing part of the metal to be projected from the 
vessel. At the temperature of the oxyhydrogen flame silver 
produces a green vapor. At ordinary temperatures silver is not 
acted upon by oxygen, the so-called oxidation or tarnishing of 
silver being due to the formation of the sulphide whenever silver 
comes in contact with compounds containing sulphur, such as 
eggs, mustard, perspiration, rubber bands, illuminating gas, 
etc. Ozoneeonverts silver to the peroxide, AgO. Hydrochloric 
acid acts slightly on silver, forming silver chloride that coats the 
silver, and thus prevents any further action. With sulphuric 
acid and nitric acid, reactions occur that are similar to those that 
occur when these acids act upon copper. Potassium hydroxide 
and sodium hydroxide do not attack silver which permits the 
use of silver dishes in making the two alkalies. “Ftne” silver is 
99-9% pure. It is usually expressed as 999 parts fine. Sterling 
silver is 925 parts silver and 75 parts baser metals for hardening. 
The baser metals are usually 70 parts copper and 5 parts 
cadmium. The cadmium gives soundness and malleability to 
the silver and removes the oxygen. It is added to the silver and 
copper after the two metals are melted and is pushed down 
beneath the mass to keep it from igniting. One formula for 
silver solder contains 55 to 65% silver, 20 to 30% of copper, 
10 to 20% of zinc and about 3% of arsenic trioxide. 

Compounds of Silver 

477. Silver Nitrate, AgNOa, is formed by the action of 
nitric acid on silver or silver oxide. The crystals are colorless, 
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rhombic plates that do not change in the light unless organic 
matter touches them. If the finger is taken as an example of an 
organic compound and some silver nitrate is placed upon the 
finger, the nitrate is reduced and a black spot appears upon the 
finger. Silver nitrate is soluble in its own weight of cold water 
or in half its weight of boiling water, giving a neutral solution 
which will darken in the light if organic matter in the air comes 
in contact with it. It is, therefore, kept in brown bottles. It 
is used in indelible inks and is a valuable laboratory reagent. 
Lunar caustic is fused silver nitrate and is used to remove warts 
and other growths on the flesh. Silver nitrate gives a neutral 
solution which shows that although silver hydroxide is not 
known it is not a weak base, since nitric acid is a strong acid. 
The action of sodium or potassium hydroxide upon silver nitrate 
solution produces silver oxide instead of the hydroxide. When 
hydrochloric acid or a soluble chloride is added to silver nitrate 
or other soluble silver salt, silver chloride^ Ag Cl, is formed. This 
appears as a white, curdy precipitate, that darkens on exposure 
to light, becoming violet or black owing to the presence of 
organic matter. It is insoluble in water. Silver chloride may be 
formed by the action of chlorine gas upon silver. The chloride 
melts at 460° and solidifies on cooling to gray, hornlike masses 
that may be cut with a knife. Silvei' bromide^ AgBr, and silver 
iodide, Agl, are formed in ways similar to the formation of silver 
chloride. They are used in photography, their use depending 
on the fact that when mixed with organic matter and exposed to 
light they change color, and are reduced to metallic silver. 

478. The Photographic Process. A thin layer of gelatin 
mixed with silver bromide is spread upon a glass plate or upon a 
thin film of celluloid which is exposed in the camera. The light 
given off by the photographed object begins to change the silver 
salt and this is continued when the plate is developed by an 
alkaline solution of pyrogallic acid, ferrous sulphate, hydro- 
quinone or other special reducing agents, of such slight activity 
that the action upon the non-exposed parts is practically none. 



COPPER, SILVER, GOLD AND PLATINX'M 


S55 


The image then appears as a negative — dark where the 
obj ect was light and light where the obj ect was dark. (Fig. 139.) 
The image on the plate is a deposit of finely divided silver and as 
the plate still contains silver 
salt not affected by the light 
this must be removed by 
washing with sodium thio- 
sulphate, usually called 
hyposulphite or '%ypo/' 
the process being known as 
fixing, otherwise the entire 
plate would be clouded and 
spoiled. 

An accelerator is some- 
times used, and this is natu- 
rally alkaline in reaction, 
since the development is always carried on in an alkaline 
solution. The accelerators used are sodium hydroxide, potas- 
sium hydroxide, ammonium hydroxide, sodium carbonate, and 
potassium carbonate. 

If the developer is too strong, causing it to act upon parts of 
the plate not exposed to the light, a restrainer is used. This 
action of the developer is known as ‘Chemical fog/’ to dis- 
tinguish it from “light fog.” Since the developer is acting upon 
silver bromide, the use of a bromide as a restrainer is to be ex- 
pected, and potassium bromide is usually used. Sodium bromide, 
ammonium bromide, and sometimes the citrate of the alkaline 
metals are also used. For the reduction of contrasts the alkali 
is increased, and the restrainer and reducing agent are reduced. 
For increase of contrasts increase the restrainer and reducing 
agent and reduce the alkali. To counteract over-exposure 
increase the bromide and reduce the alkali to a minimum. To 
make the best of under-exposure dilute freely, reduce the 
bromide to a minimum, or omit if possible, reduce the develop- 



Fig. 139 Photography, Showing 
Negative and Positive. 
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ing agent, and use as much alkali as possible without producing 
fog. 

The picture is made by exposing a piece of sensitized paper to 
the light in such a manner that the light must pass through the 
plate or film before reaching the paper. The passage of the light 
is obstructed by the deposit of silver in proportion to the thick- 
ness of the metal and the picture thus becomes the negative of 
the negative, and receives the same shading as the object. The 
paper chosen should depend upon the negative and should print 
all that may be seen on the negative by transmitted light. A 
coarse paper scatters the lights and shadows, giving breadth of 
effect and atmosphere. It is not good for small pictures where 
clear definition, fine detail, and dehcate gradations are desired. 
A hard paper is better to preserve the gradations of light and 
shade. Such papers as Platino, regular bromide and modified 
bromide are known as developing papers, from the fact that 
invisible and slightly visible images, the result of printing, are 
developed to full strength by developing agents. Velox and 
Dekko papers are gas light developing papers. Papers such as 
(Xiilodio-chloride, Aristo Jr., Aiisto Platino, etc. are commonly 
called printing out papers, because the temporary image of 
partially reduced silver salts is printed to full strength, and 
afterwards partially replaced and wholly enveloped and pro- 
tected by gold, producing tones of reddish black, brown-black, 
brown, sepia, etc. Further treatment with platinuna produces 
tones of purple-black, olive brown, .blue-black and black. The 
fixing agent for papers is sodium thiosulphate, the same as for 
the negative. When toned with gold or platinum the solutions 
used are gold chloride or chlorplatinic acid. Blue print paper is 
made by coating the paper with a solution of green scales of 
ferric ammonium citrate, (NH4)2HFe(C6H307)2, and potassium 
ferricyanide K3Fe(CN)6. When the paper is used for making 
prints the parts exposed to the light turn dark blue while the 
tmexposed portions do not change and when the paper is dipped 
into water the unchanged salts are washed out leaving white 
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lines. A recent French formula requires gelatin coated paper 
such as is used for the double-transfer carbon process and the 
solution contains ferric ammonium citrate (green scal^) 15g. 
potassium ferricyanide 3.5g. in 100 g. of water. 

479. Silver Plating is essentially the electrolysis of a silver 
salt by which the silver is deposited upon the object to be plated, 
while the strength of the solution is kept up by the slow dis- 
solving of a piece of pure silver. The articles to be plated are 
first carefully cleaned and are then arranged in parallel to form 
the cathode. Pieces of pure silver arranged in parallel form the 
anode. The cathode and anode are placed in a bath of potassium 
silver cyanide, EIAg(CN) 2 , and the current from two or more 
cells arranged in series or from a dynamo is passed. The solution 
is decomposed and the silver is deposited upon the cathode or 
objects to be plated, while the pure silver slowly dissolves and 
thus keeps the strength of the solution constant. 

The silvering of mirrors is accomplished by reducing silver 
nitrate by organic compounds, such as potassium sodium tar- 
trate, glycerine, formaldehyde or sugar. On a small scale 
dilute silver nitrate is mixed with ammonium hydroxide until 
the solution is clear, then a little caustic potash, a few more 
drops of ammonia, and finally a very little glycerine are added. 
If a watch glass is floated in the mixture it soon acquires a 
deposit of silver. 

480. Uses of Silver. In addition to the use of silver salts in 
photography and of silver in silver plating, the metal is used 
extensively for coinage and for ornamental or useful articles. 
For these purposes it is alloyed with copper to make it harder. 

Gold 

481. Occurrence and Preparation. Gold occurs either free 
or combined, and the method of obtaining the metal depends 
upon the way in which it occurs. When free, that is, simply 
mixed with earth, sand or gravel, it may be separated by simply 
washing with water, the operation being conducted in long, 
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narrow boxes in which pockets are placed to catch the heavy 
gold while the lighter materials ai'e carried away. (Fig. 140.) 
Mercury is sometimes placed in the pockets to amalgamate the 



Fig 140. Placer Mining 

gold. When the gold occurs as ore it is first broken into small 
pieces, crushed in a stamping machine until it has a diameter of 
one millimeter or less and is then carried out of the machine 
by water, and over plates of copper amalgamated with mercury. 
This will amalgamate the gold, while the quartz, pyrites, etc., 
are carried away. A little mercury Is added at intervals to 
keep the proper consistency. About once a day the amalgam is 
scraped from the plates and strained through chamois skin or 
fine linen bags which retain the hard amalgam, while the unamal- 
gamated mercury passes through and is used again. The hard 
amalgam is distilled from an iron retort, the mercury passing 
off as vapor and condensed under water while the gold and what- 
ever silver is present remain in the retort. They are treated with 
borax, soda, potassium nitrate, etc., to remove baser metals* 
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The gold may be separated by dissolving the metals m aqua 
regia, forming gold chloride, AuCb, evaporating the nitric acid, 
diluting and treating with a reducing agent, such as ferrous 
sulphate. The equation for such a reaction would be 

3 FeS 04 -f AuCL Fe 2 (S 04 j 34 - FeCL-f Au 

482. In the Chlorination Process, which is used when the 
gold in the ore does not amalgamate readily, the ore is first 
roasted to change the sulphides, arsenides, etc., to oxides. It is 
then put into iron barrels lined with lead in which is some sul 
phuric acid. Bleaching powder is then added and the covers are 
fastened. The bleaching pow^der and the acid form chlorine 
which unites with the gold to form gold chloride. After revol- 
ving the barrel for 1 3 ^ to 6 hours, the gold chloride is washed out 
with water, filtered and precipitated as gold sulphide, AU 2 S, by 
means of hydrogen sulphide. The sulphide is filtered, then 
roasted in iron trays in a muffle furnace heated from above. 
This forms sulphur dioxide and free gold. 

483. In the Cyanide Process, the ore is crushed, washed and 
treated with a weak solution of potassium cyamde forming a 
double cyanide of gold and potassium, KAu(CN)4, from which 
the gold is precipitated by zinc, or if not much gold is present, 
it may be separated by electrolysis. In nearly all cases gold ores 
contain silver and silver ores contain gold so that the tw^o metals 
must be separated, the methods used depending upon the rela- 
tive amounts of the two metals. The methods of separating may 
be divided into three classes. (1) Acid processes, where nitric 
acid, sulphuric acid or aqua regia is used. (2) The chlorine 
process, where the chlorine will combine with the silver at a 
lower temperature than it will with the gold. (3) Methods of 
electrolysis where the nature of the electrodes and the strength 
of the amperage differ according to the amount of gold present. 
If much gold is present the cathodes are gold, the electrolyte is 
a solution of gold chloride and free hydrochloric acid containing 
40 to 45 grams of the chloride and 20 to 50 cubic centimeters of 
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the acid per liter, while the current gives 30 or more amperes per 
square foot of cathode surface. If the metal contains much 
silver and little gold the cathodes are pure silver, the electrolyte 
is a dilute solution of sdver nitrate and nitric acid, while the 
amperage is about half as much as in the other case. 

The purity of gold is expressed in carats or 24ths, pure gold 
being 24 carats fine, while 18 carat gold is 18/24 gold and the 
rest is copper or some other metal that will make the gold harder, 
since pure gold is too soft to resist the wear that accompanies 
constant use. During the first half of the nineteenth century 
the world’s production of gold averaged 27 tons annually. The 
annual production is now about 500 tons of which about 30% 
comes from North America. 

484. Properties. Gold, known as the ^‘King of Metals,” 
is a rather soft, yellow, malleable and ductile solid. It may be 
rolled into sheets so thin that over 250,000 of them are required 
to make a pile one inch high. By transmitted light these thin 
sheets appear green, while by light reflected 10 times from gold 
surfaces, the metal appears bright red. Gold melts at about 
1063*^ and volatilizes at higher temperatures giving a green 
vapor. It combines directly with chlorine, but not with oxygen. 
The common acids taken singly, either cold or hot wiU not 
react with pure gold because it is so inactive chemically, (see 
§36) but aqua regia reacts with it, forming gold chloride. 
Caustic alkalies act upon gold. 

486. Uses of Gold. Gold hardened by the addition of some 
copper is used for coinage and has a reddish color; alloyed with 
copper or silver it is used for gold plate or for ornaments. Gold 
used for jewelry is usually from 10 to 22 carats fine. Gold leaf 
is used for lettering, etc., and baser metals as silver or copper 
are frequently plated with gold. The method of gold plating is 
about the same as for silver plating, except that the anode is 
gold and the bath is a solution of 1 part of gold cyanide, Au(CN)3 
and 10 parts of potassium cyanide in 100 parts of water. The 
alloys containing gold are shown in the following table: 



COPPER, SILVER, GOLD AND PLATINUM 3dl 


Alloys for Coinage 


Com 

Gold 

Stiver 

Copper 

Other constituents . Pif here used 

\ 

Gold 

91 66 


8 33 

: 1 

‘ Great Britain 

Gold 

90 00 


10 00 

1 United States 

Silver 


92 5 

7 5 

1 Great Britain 

j 


1 


j rSterling Silver) 

Silver 


90 0 

10 0 

1 United States 

Nfckel 



75 00 

Ni 25 00 j United States 

Copper 


1 

95 0 

Sn 3 0; Zn 2 0 1 United States 


486. Compoimds of Gold. Gold forms a number of com- 
pounds, the best known being gold chloride, AuCls, formed 
when aqua regia acts upon gold. The presence of gold in gold 
chloride may be detected by adding some stannous chloride 
solution, SnCb, which gives a purple colored precipitate, known 
as the purple of Cassius, which is said to be very finely divided 
gold. The other compounds are not very important in elemen- 
tary work and are not used to any extent on account of their 
cost. 

Platinum 

487. Occurrence and Preparation. Platinum ore always 
contains one or more of the following metals: Iridium, osmium, 
ruthenium, rhodium, palladium, gold, silver, iron, copper, 
nickel, etc. It also occurs as sperrylite, PtAs 2 . The ore usually 
contains 60 to 80% of platinum which must be separated from 
the other metals. The ore is washed and the gold is separated 
by amalgamation. The ore is then treated with dilute aqua 
regia to remove any remaining gold, the silver and copper. 
The solution is evaporated and heated to 125*^, which changes 
the iridium and palladium to the sesquichlorides. It is then 
dissolved in hydrochloric acid or in concentrated aqua regia, 
which changes the platinum and a little of the iridium to soluble 
compounds. Ammonium chloride is then added and the plati- 
num is precipitated as ammonium platinic chloride, (NH 4 ) 2 ptCl€, 
which decomposes when strongly heated into ammonium 
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chloride^ chlorine and spongy platinum. The spongy mass is 
melted in a lime crucible by means of an oxyhydrogen flame and 
is hammered or roiled while hot into bars and sheets. It usually 
contains a little iridium which is not removed unless the plati- 
num is to be absolutely pure. The other metals that occur with 
platinum have very limited uses, one alloy of iridium and 
osmium being used for the tips of gold pens. Platinum was first 
taken to Europe from South America m 1735. The present 
supply is found chiefly in Russia. The price has increased 500% 
during the past 15 years. 

Platinum is found in Canada to the amount of less than 100 
ounces per year. But it has been estimated that probably more 
than 50,000 ounces are lost in ores mined each year owing to 
imperfect methods of recovery, indicating that Canada may 
become one of the largest producers of the metals of the 
platinum group. 

488. Properties. Platinum has a grayish white color, and 
resembles polished steel. It is very malleable and ductile and 
at white heat can be welded like iron. Its specific gravity 
varies from 21.1 to 21 5 according to the method of treat- 
ment. It does not react with nitric, hydrochloric or sulphuric 
acid, but reacts with aqua regia, forming chlorplatinic acid, 
HaPtCle. Some of the alkalies act upon it, such as a mixture 
of potassium nitrate and potassium hydroxide. It reacts with 
red hot charcoal and silicon dioxide, forming a compound of 
silicon and platinum. When platinum is in a finely divided condi- 
tion it has the curious property of absorbing certain gases, and 
the gases thus absorbed are very active chemically. In this way 
200 volumes of oxygen are absorbed by platinum, and the 
oxygen is capable of oxidizing other substances when brought in 
contact with it. Advantage is taken of this fact in the manufac- 
ture of sulphuric acid by the contact process. (§298.) 

A current of hydrogen is lighted when it flows against a plati- 
num sponge, owing to the oxygen that is in the pores of the 
sponge and the amount of heat generated. Wlien platinum 



COPPER, SILVER, GOLD AND PLATINUM 


363 


exists as a black porous mass it is known as spongy platinum, 
and still finer platinum is called platinum black. It forms 
alloys with lead and with the metals with which it is found in 
nature, and these should never be heated in platinum dishes. 

489. Uses of Platinum. Platinum is used extensively in all 
chemical laboratories as wire, foil, crucibles, evaporating dishes, 
etc. Platinum apparatus is very expensive, owmg to the scar- 
city of the metal and the great demand for it. 

Its coefficient of expansion is about the same as that of glass so 
that the wire may be fused into the glass without cracking the 
glass when cold. On account of this property and from the 
fact that it is a good conductor of electricity, it was formerly 
used in electric light bulbs where it conducted the current from 
the external wires to the internal carbon filament, but at present 
nickel steel wire covered with copper is used. With 10% of 
iridium it forms a hard alloy 'and is used for international meter 
sticks. The alloy is hard, elastic, fuses with difficulty and is 
unchanged by contact with air. 

Platinum is replacing gold to some extent in jewelr}", but its 
use should be discouraged, because of more vital uses for 
platinum in sciences. A substitute for platinum for electrical 
contacts consists of platinum, 45%; gold, 15%; silver, 25%; 
and copper, 15%. Tungsten is also being used extensively. 

Owing to the scarcity, high cost and great demand many 
substitutes for the metal are on the market. Some of these are 
shown in the table. 


Sample 

An 


Pd 

, Cu 

1 ' 

Ni 

Zn Pt 

1* 

45 

45 

10 



1 

2** i 

90 



10 




75-85 




10-18 

2-9 

4 

15 

25 1 


15 


45 


♦Rh or Ir may be substituted for the silver. Used for sparking terminals. 
**Used as cathodes. May be used as anodes if electrically coated with 
Pt. 
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***Used as ‘Viiite gold"’ as a substitute for Pt m jewelry. 

W, Au, Ni; Ag, W, Ni; Ni, Fe^Platinite; NiCr; CoFe; CoCr alloys. 

Palau ? Good for cathodes but not for anodes. 

Rhotanium ) 

Platinum Compounds 

490 . Platinic Chloride, PtCl4, is the most important com- 
pound of platinum. It is formed by dissolving platinum in 
aqua regia and evaporating the solution to dryness when a 
brownish solid is obtained, soluble in water or in alcohol to a 
golden yellow solution, used in qualitative analysis and in the 
preparation of platinum prints. 

Chlorplatimc Acid, HoPtCU, formed by dissolving platinic 
chloride in hydrochloric acid, yields chlorplatinates or double 
chlorides, such as potassium platinic chloride, K2PtCl6, ammo- 
nium platinic chloride, (NH4)2PtCl6, both difficultly soluble in 
water and, therefore, easily obtained as yellow crystals when 
platinic chloride solution is added to a solution of potassium 
chloride or ammonium chloride. 

491. Problems. 

1. How much copper sulphide can be formed by heatmg sulphur 
with 20 grams of copper? 

2. At 50 cents per ounce what is the value of the silver set free from 
five kilograms of silver chloride by iron? 

3. How much silver chloride will be formed by adding sodium chloride 
to five grams of silver nitrate in solution? (§185). 

4. How much gold will 10 grams of ferrous sulphate hberate from a 
solution of gold chloride according to the equation given in §481? 

5. How much sulphuric acid will react with a plate of copper 12 centi- 
meters long, eight centimeters wide and two centimeters thick if the 
specific gravity of copper is 8.9? 

6. How much potassium platinic chloride is formed when five grams of 
platimc chloride react with potassium chloride^ 

7. How much ammonium platinic chloride is formed when 10 grams of 
ammonium chloride react with platinic chloride m excess^ 

8. How many grams of nitric acid will be required to react with the 
copper that is formed by the reduction of 10 grams of copper oxide, CuO, 
by hydrogen^ How much hydrogen is required to reduce the oxide^ How 
many grams of zinc and how many cubic centimeters of sulphuric acid 
(specific gravity 1.84) are required to supply the hydrogen? 
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492. Comparison of the Metals of this chapter. 


Metal 

At. Wgt 

Valence 

; Specific Gravity 

1 Melts 

Boils 

Mg 

24 32 

2 

1 741 

651'’ 

1100“ 

Zn 

65 37 

2 

I 6.48-7.2 

419“ 

918“ 

Cd i 

112 4 

2 

8 37- 8 67 

321“ 

778“ 

Hg 

200 6 

1,2 

13 54-14 4 

-38 7“ 

357 25“ 


Magnesium 

493. Occurrence and Preparation. Magnesium is produced 
chiefly by the electrolysis of fused carnallite, a double chloride 
of potassium and magnesium, KCLMgCl 2 . Since the car- 
nallite contains 6 molecules of water of crystallization it must 
first be fused to drive off the water. 

Calcium fluoride or sodium chloride is added as a flux and the 
operation is conducted in a closed iron crucible, which is made 
the cathode, while a carbon rod serves as the anode. The anode 
is enclosed in a perforated porcelain cylinder with a tube at the 
top for the removal of the chlorine. The magnesium floats upon 
the melted carnallite and is kept from oxidizing by an inert 
gas, such as hydrogen, which is admitted to the crucible. 

Magnesium may also be obtained by the electrolysis of a fused 
mixture of 55 parts of magnesium fluoride, 5 parts of sodium 
fluoride and 40 parts of barium fluoride. The temperature of 
electrolysis is 900 - 1000 ® and the current density at the cathode 
is 400 amperes per square foot. The cell consists of a cast 
iron container, cooled at the base and encrusted with solid 
electrolyte. The cathode or cathodes are of iron, with points 
projecting through the base- The anodes are of carbon. Above 

365 
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the cathode is a cooling coil which produces a crust sufficient to 
protect the floating magnesium from the air but easily broken 
when the metal is to be removed. On the electrolyte floats a 
layer of MgO or MgCOs, part of the oxide becoming suspended 
and combining with the fluorine set free. This layer also pro- 
tects the anodes. 

Magnesium occurs also in asbestos, MgCaSiOs; in talc, 
N 2 Mg 3 Si 40 i 2 ; m dolomite, magnesite, meerschaum, olivene, etc, 

494, Properties and Uses. Magnesium melts at 651°, 
becomes volatile at higher temperatures, and at ordinary tem- 
peratures decomposes water very slowly. The color of the metal 
is silver white or grajdsh and it has a high luster. It is tenacious 
and ductile and is drawn into wire or rolled into ribbon. It does 
not change rapidly in the air, but is gradually covered with a 
layer of the oxide or the hydroxide. Magnesium burns with a 
white light, especially in oxygen, forming white magnesium 
oxide, and if burned in air, some magnesium nitride is formed. 
Powdered magnesium is used to produce the hght for flashlight 
photographs. The light from burning magnesium will explode a 
mixture of hydrogen and chlorine. Magnesium combines 
directly wdth nitrogen at high temperatures and forms magne- 
sium nitride, Mg 3 N 2 , with the oxide, MgO, if the metal is burned 
in air. 

Magnesium Compounds 

495. Magnesium Oxide, MgO, formed by burning magne- 
sium metal, or by heating basic magnesium carbonate, is a 
white powder called magnesia. Since magnesium is such a 
light metal the combination with oxygen gives an increase of 

in the weight. Magnesium oxide does not dissolve in 
water, but unites with it forming magnesium hydroxide, 
Mg(OH) 2 , which is feebly alkaline in its reactions. Magnesium 
oxide is practically infusible and is used for lining crucibles, 
furnaces, etc., where high temperatures are required. It is 
used in medicine as an antidote for mineral acids. Mixed with 
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water and sand magnesium oxide becomes very hard and is used 
as a cement. Magnesium oxide or hydroxide mixed with mag- 
nesium chloride and water gives a basic chloride of varying 
composition which becomes very hard and may be used as a 
cement or plaster. Magnesium oxide and wood pulp are used 
as artificial stone. 

496. Magnesium Sulphate, MgS04.7H20, commonly called 
Epsom salts, is a white crystalline solid containing seven mole- 
cules of water of crystallization, six of which pass off readily, 
but the seventh is driven off at temperatures above 200° so that 
the last molecule of water is often called water of constitution. 
The sulphate is soluble, one part of water dissolving one and one- 
fourth parts of the salt. It is used as a fertilizer, in the manu- 
facture of sodium sulphate and potassium sulphate, to load 
cotton fabrics, and in medicine. In British Columbia are 5 lake- 
beds with a total area of 20 acres containing hydrated magnesium 
sulphate, the salt beds being in some places 40 feet deep and 
averaging 73.04 to 91.28% Epsom salt. Some of the surface 
deposits are practically chemically pure. 

497. Other Magnesium Compounds. Magnesium carbon- 
atCj MgCOs, occurs in nature as magnesite or combined with 
calcium carbonate as dolomite.* Magnesia alba is a complex 
mixture of the carbonate and the hydroxide and is used for face 
powders. 

Magnesium chlonde, MgCb, is a white solid, which will 
crystallize with six molecules of water of crystallization. It is 
very deliquescent and is sometimes present in sodium chloride, 
causing it to become damp. Several other salts and double salts 
of magnesium are known. 

Zinc 

498. Preparation. Zinc does not occur free, but is found 
chiefly as blende, ZnS, smithsonite, ZnCOs, ^nd hemimorphite, 
Zn2Si04.H20, although it occurs also in other combinations as 
zinc oxide, etc. Blendens first roasted to get rid of the sulphur; 
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the others are often calcined to get rid of the carbon dioxide and 
water. The pulverized ore is mixed intimately with anthracite 
coal or with coke and soft coal, and is placed in clay retorts which 
are placed in the furnace in a nearly horizontal position. The 
mixture is heated and the vapors are condensed in receivers of 
clay or iron surrounded by air. The first part of the condensa- 
tion is zinc dust containing zinc oxide, but after the temperature 
is raised to nearly 1300°, the oxide is decomposed and metallic 
zinc in the form of a liquid collects and is cast into plates. This 
always contains impurities such as iron, arsenic, carbon, lead, 
cadmium, etc., but the metal may be obtained in a pure state by 
repeated distillations, 

499, Properties. The color of zinc is bluish white and the 
metal has a high luster when perf ectly pure. Its specific gravity 
varies from 6.48 to 7.2, dependmg upon whether it is melted oi 
rolled. At ordinary temperatures zinc is brittle; between 100° 
and 150° it can be rolled into sheets; above 200° it again becomes 
brittle. The surface of zinc in moist air soon tarnishes, but in 
dry air it does not change. When heated to its melting point 
zinc burns with a bluish or greenish flame, forming white zinc 
oxide, ZnO, formerly called philosophers’ wool or flowers of 
zinc. With the conomon acids zinc acts as a base forming 
element, displacing the hydrogen and forming a zinc salt. With 
nitric acid the hydrogen reacts with the acid, forming ammonium 
nitrate. If the zinc is pure, the reaction with sulphuric acid is 
slow but may be hurried by adding copper sulphate solution. 
With caustic alkalies zinc acts as an acid forming element 
liberating hydrogen and forming the zincate of sodium or potas- 
sium, as 

2KaOH-|-Zii — ► H 2 1 +]Sja2Zn02 

Zinc replaces lead and mercury from solutions of the salts of 
those metals. 

600. Uses of Zinc. Zinc is used to make galvanized iron, 
which is a piece of sheet iron covered with a layer of zinc* It 
is used in batteries, (§199 ff.) and in several alloys. 
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Zinc Alloys 


Alloy 

Zinc 

Tin 

Copper 

Other Constituents 

Uses, etc 

Antifriction 

metal 

85 0 


5 0 

Sb 10 0 

1 

For bearings 

Babbitt's 

metal 

69 0 

19 0 

4 0 

! 

Sb3 0; Pbo 0 

i 

1 

1 

1 


Sherardized iron is produced by covering the article with 
zinc dust and baking. It is used to give a protective coating to 
screws, etc. The process of sherardizing is as follows : the objects 
to be coated are placed in an iron drum filled with zinc and zinc 
oxide and are heated in a reducing or inert atmosphere. Several 
coatings are produced upon the iron the one nearest the iron 
being an alloy rich in iron, upon which is a coating containing 
more zinc. This is followed by a coating containing a number of 
more or less imknown aUoys and the final coat is a layer of pure 
zinc. In the Schoop process the zinc is melted and by the use of 
a special compressed air gun the melted zinc is atomized and 
applied to the surface to be covered. The process is also used to 
apply solder to metallic surfaces and is said to be very satis- 
factory. 

Compounds of Zinc 

601. Zinc Oxide, ZnO, as found m nature is red, owing to 
presence of manganese, but as prepared it is white. It turns 
yellow when heated. It is infusible, is not reduced by heat, is 
not soluble in water and is used as a substitute for white lead in 
paints. The value of zinc oxide in white paints depends largely 
upon the fact that if hydrogen sulphide acts upon the paint 
the sulphide of zinc is white while the sulphide of lead is black, 
the latter causing a gradual darkening of the paint. 

602. Zinc Hydroxide is a white amorphous powder. It may 
be produced by adding sodium or potassium hydroxide to a 
solution of a zinc salt, such as the sulphate. 

ZnSOi-h2NaOH Na2S04-hZn(OH), 
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The h^^droxide reacts with an excess of the alkahne hydroxide 
forming soluble sodium zincate, Na 2 Zn 02 , 

ZnrOHL-h2NaOH Xa2Zn02+2H20 

the same compound as when zinc is boiled with sodium or potas- 
sium hydroxide. 

603. Zinc Chloride, ZnCh, is formed when chlorine or hydro- 
chloric acid acts upon zinc. It is a white solid containing one 
molecule of water of crystallization which it loses when strongly 
heated. It melts at 365° and forms an anhydrous mass on cool- 
ing which deliquesces in the air. It is very soluble in water. It 
is used in soldering, as a disinfectant, as a preservative of such 
materials as railroad ties and as a constituent of preparations 
used to fill teeth, etc. 

504. Zinc Sulphide, ZnS, occurs in nature as blende con- 
taining iron and cadmium sulphides, and is yeUow, brown or 
black in color. Zinc sulphide is partially precipitated when 
hydrogen sulphide is passed into a solution of a zinc salt of a 
strong acid, such as sulphuric, unless a soluble acetate is added. 
With zinc acetate precipitation is complete. When pure, zinc 
sulphide is white and is used as a pigment. Highly phosphores- 
cent zinc sulphide is used for making the hands and figures 
on a watch visible in the dark. (See §532.) 

605. Zinc Sulphate, ZnS 04 , or white vitriol, is formed by 
the action of zinc upon sulphuric acid or by the oxidation of 
zinc sulphide. It contains seven molecules of water of crystal- 
lization of which six are easily lost when the sulphate is heated, 
the water then dissolving the salt, while the seventh is lost only 
at a temperature of 238°. At red heat zinc sulphate decomposes 
into zinc oxide, sulphur dioxide and oxygen. It is soluble, 
100 parts of water dissolving 48.4 parts of the sulphate at 10° 
and 78.5 parts at 100°. It is used in cotton printing and dyeing, 
as a disinfectant and in medicine. 
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Cadmium 

506. Cadmium is obtained as a by-product when zmc ores 
are reduced. It sometimes forms 4 or 5% of the ores. As it is 
more volatile than zinc, it passes out first with the zinc dust as a 
brownish powder. This is collected and distilled once or twice 
for purification. The metal is silver white, and is harder than 
tin. Acids act with it readily. It is used in fusible alloys and 
in dental amalgam. Its compounds are not very important, the 
best known being cadmium sulphidcj CdS, a yellow substance 
precipitated when hydrogen sulphide is run into a solution of a 
cadmium salt. It is used in yellow paint. Some of the other 
salts are the cyanide, sulphate, chloride, oxide and iodide, none 
of which need be described. 

Mercury 

607. Occurrence. Mercury is sometimes found free in 
small quantities, but the most of it is derived from the native 
sulphide, HgS, called cinnabar, and found chiefly in Europe, 
Mexico, California and Texas. The metal is commonly called 
quicksilver. It has been known from the earliest times. 

608. Preparation. Mercury is prepared by heating the 
sulphide in furnaces in contact with air which oxidizes the 
sulphur and sets the mercury free as impure vapor, which passes 
into chambers where it is condensed. (Fig. 141.) It is next 



Fig. 141, Extraction of Mercury. 
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squeezed through chamois skin or linen bags to free it from dirt 
and is then redistilled to free it from such metals as lead, zinc, 
etc. About 1000 tons are produced annually in the United 
States and it is sold in strong iron cylinders holding 75 pounds 
net. Mercury is purified in the laboratory by washing with 
sulphuric acid, sodium hydroxide and water, separately. When 
the mercury ores are reduced in a furnace the general equation 
for the reaction may be written, 

HgS-f20-.Hg-}-S02T 


the sulphur being oxidized by the oxygen of the air. If the 
reduction occurs in a tightly sealed iron retort, lime or iron is 
generally added and the reduction occurs as in the following 
equations: 


or 


4HgS*f 4CaO 4Hg-|-3CaS+CaS04 
Hgs +Fe“^Hg -j-F eS 


The retort method is used with only very rich ores. 

509. Properties. Mercury is silvery white in color and is 
the only metallic element that is liquid at ordinary temperatures. 
It becomes solid at —39.5° and boils at about 357°, being con- 
verted into a colorless vapor with a density of 6.976 (air=l). 
Liquid mercury has a specific gravity of 13.5959 at 0° and 
when solid at — 188° the specific gravity is 14.4. It is unaltered 
in the air except when sulphur compounds are present. At 
moderately high temperatures it combines slowly with oxygen 
forming red mercuric oxide, HgO. The molecule of mercury, 
like that of zinc and cadmium, probably contains only one atom 
instead of two atoms, as in the case of the elementary gases as 
oxygen, hydrogen, etc. Mercury is below hydrogen in the list 
of activity and therefore does not react with dilute hydro- 
chloric and sulphuric acids when cold, but reacts with hot 
sulphuric acid, or with nitric acid, the latter acid giving mer- 
curous nitrate, HgNOs, if the acid is dilute and cold but mercuric 
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nitrate, Hg(N08)2, if the acid is concentrated and hot. Mercury 
combines with chlorine, bromine and iodine at ordinary tempera- 
tures and with sulphur at gentle heat. 

610. Uses of Mercury. Mercury is used in making ther- 
mometers, barometers, mercury air pumps and in extracting 
gold and silver. Its compounds are used in medicine and as 
disinfectants. When amalgamated with zinc it is used in 
batteries. It amalgamates easily with gold, silver or copper 
either when these metals are pure or when they are alloyed as 
in jewelry, so that the metal should never be allowed to come in 
contact with rings, watches, etc. Both mercury and mercury 
vapor are poisonous and care should be used not to inhale the 
vapors nor should mercury be placed in the mouth. 

Recent experiments on the use of mercury vapor in boilers, 
in place of steam, showed 1,050 kilowatts of power delivered by 
the mercury boiler as compared with about 200 delivered by a 
steam boiler operating under similar conditions. 

Compounds of Mercury 

Mercury forms two classes of compounds, mercuric where the 
metal is bivalent, and mercurous where it is univalent. All 
common mercury salts are volatile and the vap^ors are poisonous. 

611. Mercuric Oxide, HgO, is a dark, orange red powder 
when prepared by dry methods such as heating mercury or 
mercuric nitrate; but is a yellow precipitate when formed in 
wet ways, such as decomposing mercuric chloride by potassium 
hydroxide. 

HgCh+SKOH -->■ Hg6+2KCI-4-H20 

Mercuric oxide oxidizes sulphur, carbon and phosphorus ener- 
getically when heated. 

612. Chlorides. Mercurom chloridef HgCl, or calomel, is a 
whitish semitransparent mass, insoluble in water. It is pre- 
pared by heating mercuric chloride with mercury and has a 
specific gravity of 7.10. It melts and volatflizes at the same 
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temperature, decomposing into mercuric chloride and mercury. 
It is used in medicine and when exposed to the hght slowly 
changes to mercuric chloride, a violent poison. It must be 
kept, therefore, in colored bottles away from the light. 

Mercuric chloride^ HgCb, may be formed by heating mercuric 
sulphate and sodium chloride, the equation for the reaction 
being written 

HgS044-2NaCl Na2S04 -i-HgCh 

or by the action of chlorine upon mercury; or by dissolving 
mercury in aqua regia, evaporating to dryness and subliming 
the residue. It is a white crystalline solid having a specific 
gravity of 5 4, melting at 288° and boiling at about 295°, giving a 
vapor that has a density of 9.42 (air == 1) . It dissolves in 19 parts 
of cold water and the solution produces a white precipitate in 
the solution of the white of an egg, which is, therefore, the best 
antidote if the poison is swallowed provided absorption has not 
occurred. It is a very powerful antiseptic, a dilute solution 
containing one part of the chloride in 1000 to 8000 parts of 
water being strong enough for most purposes where it is used. 
Its use in surgery for washing wounds, instruments, etc. is univer- 
sal. It is used as a preservative of wood, skins, etc. 

613, There are two iodides of mercury^ mercurous iodide, 
Hgl, an unstable, yellowish green powder formed by the action 
of mercury on iodine or mercuric iodide; or by adding potassium 
iodide to a solution of a mercurous salt; and mercuric iodide, 
Hgl 2 , a scarlet red powder formed by the action of mercury on 
iodine or by the action of potassium iodide on a solution of a 
mercuric salt. 

The formation of mercurous and mercuric nitrates was 
described under chemical properties of mercury. 

614. The Sulphates are formed in a similar manner. Mer- 
cwrom sulphate, Hg 2 S 04 , is formed when equal parts of mercury 
and sulphuric acid are heated until % of the mercury disappears. 
Mercuric sulphate, HgS 04 , is formed when two parts of mercury 
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are heated with three paiis of sulphuric acid and evaporated to 
dryness. Mercurous sulphate is a w’hite crystalline powder 
slightly soluble in water. Mercuric sulphate is a white amor- 
phous pow^der slightly soluble in water, and converted by water 
into a basic sulphate. 

616 . Mercuric Sulphide, HgS, is a native mineral known as 
cinnabar. It is red and crystalline. When hydrogen sulphide is 
passed into a solution of a mercuric salt, black mercuric sulphide 
is formed, but this turns red when heated. Vermilion is an 
artificial mercuric sulphide used in red paint, and to color sealing 
wax. . It is made by grinding mercury and sulphur together for 
several hours in a mortar and washing with potassium hydroxide 
solution, or by heating mercury and sulphur in iron pans and 
subliming the black mass that is formed. This is washed with 
hot water and dried. 

516. Problems. 

1. How much magnesium must be burned to yield the magnesium 
oxide that will react with water to form two grams of magnesium hydroxide? 
r§495) 

2 How much hydrogen will be freed and how much sodium zincate 
will be formed by the action of 10 grams of zmc upon sodium hydroxide? 
(§499). 

3. How many cubic centimeters of sulphuric acid, (specific gravity 
1.84) will react with a piece of zinc, (specific gravity 7.2; measuring 
2X5X6 centimeters? 

4. How much mercuric oxide will be formed by the action of potas- 
sium hydroxide on 6 kilograms of mercuric chloride? (§511). 

5 Ho'w much mercuric chloride can be formed by heating 35 grams 
of mercuric sulphate with salf^^ (§512). 

6. Write quantitative equations showing the reaction between 
aluminum and potassium hydroxide, aluminum and sodium hydroxide, 
zmc and potassium hydroxide, zinc and sodium hydroxide. (§§441, 499). 
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617. Comparison of title Metals of this Chapter. 


Metal 

At, Wgi. i 

Valence 

Specific Gravity 

Melts 

Cr 

52 0 

2, 3, 6. 7 

6 92 

1520^^ 

Mn 

54.93 

2, 3, 4, 6, 7 

7 4-8 

1260** 

Ra 

226.0 

2 


— 


Chromium 

618. Occurrence and Preparation. Chromium occurs only 
in compounds and is not widely distributed in large amounts, 
the principal deposits occurring in Greece, New Caledonia, 
Canada and New South Wales, where the ore is found chiefly 
as chromite, FeCr 204 , while native lead chromate, PbCr 04 , 
occurs in smaller amounts and in some other localities, the 
annual production of the ores being about 30,000 tons. 

Preparation. Chromium is prepared by Goldschmidt ^s 
thermit process, by igniting a mixture of chromic oxide, CrsOs, 
and aluminum. (See §442.) 

619. Properties and Uses. Chromium is a brilliant grayish 
metal, the polished surface being whiter than iron. It is hard, 
non-magnetic and is unaltered in air. It melts at the tempera- 
ture of the electrical furnace. At high temperatures it combines 
with oxygen, sulphur, carbon, silicon and boron. It reacts with 
hydrochloric and sulphuric acids, but is unaffected by nitric 
acid. It is used chiefly to make a hard steel known as chrome 
steel, (see §421) while ferrochrome contains 65 to 80% chro- 
mium and 20 to 35% of iron with a small amount of carbon. 

Chromium alloys are being used for flat-irons since the wires 
made from them offer high resistance, melting at high tempera- 
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tures and hence can stand high heating without injury. One 
formula contains chromium 30 to 60%, copper 30 to 60%, 
tungsten 2 to 5% and molybdenum 1 to 3%. Another shows 
chromium 93 to 95%, txmgsten 2 to 6% and aluminum 0.25 to 
1%. The melting point is from 1200° to 1300°. Other chromium 
alloys are used for making acid resisting vessels. One formula 
shows chromium 60%, silicon 2 to 4%, graphitic carbon 2 to 5% 
and the rest iron. Another shows chromium 40%, molybdenum 
3%, iron 55.5%, carbon 1.5%. See also cobalt alloys. 

Compounds of Chromium 

520. Chroinium compounds may be divided into three 
classes according to the valence of the metal, since it usually 
acts as a bivalent, trivalent and hexivalent. Where the metal 
acts as a bivalent the compoimds are called chromous, such as 
chromous oxide, CrO, chromous chloride, CrCh. When the 
metal is trivalent the compounds are chromic, as chromic 
oxide, Cr203, chromic chloride, CrCU, chromic sulphate, 
Cr2(S04)s, etc. The chromates and dichromates are derived 
from chromium trioxide, CrOa, where the metal is hexivalent 
as in potassium chromate, K2Cr04 and potassium dichromate, 
K2Cr207. "When chromium has a valence of 2 it acts as an un- 
stable base former, which upon exposure changes to a valence of 
3, acting as a weaker base former, but producing more stable 
salts, green or purple in color. By oxidation the valence is 
increased to 6, when the chromium acts as an acid former, as 
in potassium chromate, and dichrojnate, which, like the other 
chromates, have a yellow or a red color. By further oxidation 
the perchromic compounds are formed, where the chromium has 
a valence of 7. 

Chromium acts as a base forming element in the oxides, 
chlorides, and sulphates. 

621. Chromic Oxide, Cr203, is a green powder prepared by 
calcining mercurous chromate or by heating potassium dichro- 
mate with sulphur forming the oxide and potassium sulphate, 
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the latter being dissolved out with water. Chromium trioxide, 
CrOa, is formed by adding to a cold saturated solution of 
potassium dichromate, times its volume of sulphuric acid. 
Dark red needle shaped crystals separate and should be drained 
and recrystallized in a small amount of warm water. This oxide 
is commonly called chromic acid or chromic anhydride corre- 
sponding to sulphur trioxide, and forming theoretically the un- 
known acid, H2Cr04, from which are derived the chromates 
among which the most important are potassium chromate and 
lead chromate. 

622. Chromates. Potassium chromate, K2Cr04, is made 
by roasting chrome iron ore with potassium carbonate in a rever- 
beratory furnace. 

4Fe0.Cr203-}-8K2C03-}-702 — > 2F6203-}“8K2Cr04--|-8C02 1 

It is a lemon yellow solid, crystallizing in right rhombic 
prisms. It is very soluble in water giving a yellow solution even 
when 1 part is dissolved in 40,000 parts of water. When nitric 
or sulphuric acid is added it is changed to the dichi-omate, by 
neutralizing part of the K2O. 

2 K 2 O Cr03+H2S04-^K20 2Cr03+K2S04+H20 

Lead chromate, PbCr04 is formed when a soluble lead salt is 
treated with potassium chromate or potassium dichromate. It 
is a yellow solid, and is sold as a pigment known as chrome yel- 
low. When treated with potassium hydroxide or sodium hy- 
droxide in quantities not sufficient to dissolve it, lead chromate 
is changed to a red color known as chrome red, Pb2Cr05. 
Among the other chromates may be mentioned those of barium, 
silver, sodium, etc, 

623. Dichromates. If two molecules of the hypothetical 
acid, H2Cr04, could be deprived of one molecule of water, a 
second hypothetical acid called dichromic acid, H2Cr207, would 
be formed from which are derived the dichromates by replacing 
the hydrogen with a metal. The most important dichromate is 
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Potassium dichromate, K 2 Cr 207 , formed when two parts of 
chromite are heated to redness with one part of potassium 
nitrate, or by the action of sulphuric acid on potassium chro- 
mate. Orange red crystals are formed dissolving in 8 to 10 parts 
of cold water and in a much smaller quantity of boihng water. 
It is decomposed by heat into potassium chromate, chromium 
trioxide and oxygen; or by potassium hydroxide into the chro- 
mate and water. When mixed with organic substances it is 
reduced on exposure to light; gelatin, under such circumstances 
is rendered insoluble. The reason for such a reaction may be 
readily seen when we write the formula for potassium chromate 
KoO.CrOs and for potassium dichromate K20.2Cr0s. The 
potassium oxide (hydroxide in solution) is present in largei 
proportion in the chromate. Hence a solution potassium hy- 
droxide must be added to a solution of potassium dichromate 
to form the chromate 

K20.2Cr03 -h2K0H->2K20.Cr03 +H 2 O 

Potassium dichromate is an energetic oxidizing agent and is 
used in dyeing, bleaching, tanning, etc. In tanning it is used in 
place of tan bark, for kid glove leather, and reduces the time 
from 8 months or more to a few hours. A reducing agent is 
added to precipitate chromium hydroxide, Cr(OH) 3 , in the 
leather. (See Chap. 36.) 

With hydrochloric acid the following action occurs, the acid 
being oxidized to water while chlorine is set free and the chloride 
of chromium and potassium are formed 

K2Cr207+14HCl 2Cra34-2KCi-h7H20-h3Cl2 1 

Potassium dichromate will quickly oxidize any oxidizable 
material with which it comes in contact. With alcohol and 
sulphuric acid, potassium chromium sulphate, aldehyde and 
water are formed according to the following equation: 

KaCr207+4H2S04-h3aH60H 2KCr(S04)2+3C2H40-h7Ht0 
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Potassium dichromate and sodium dichromate are the most 
important and best known of the dichromates. Very few 
others are formed since the chromate is precipitated as a 
general thing when either the chromate or dichromate of 
potassium or sodium is added to salt solutions. 

Manganese 

524 . Manganese Forms Compounds Analagous to Chro- 
mium Compounds. Manganous salts are formed where the 
metal acts as a bivalent as manganous chloride, MnCb, mangan- 
ous sulphate, MnS04, manganous hydroxide, Mn(OH)2, etc. 

Here the metal acts as a base former. The salts are pink and 
relatively stable. 

Manganic salts are formed when the metal acts as a trivalent, 
as manganic hydroxide, Mn(OH)3, manganic sulphate, 
Mn2(S04)3, manganic oxide, Mn203, etc., where the metal acts 
as a weaker base former than where it is bivalent. When the 
valence is 4 the metal is a very weak base former and the man- 
ganese may act as either a base or an acid former. 

Corresponding to chromic acid is manganic acid, giving 
manganates, H2Mn04 where the metal has a valence of 6 and 
acts as an acid former in a few unimportant compounds, while 
in permanganic acid, HMn04, giving permanganates, the man- 
ganese acts as a strong acid former, with a valence of 7 . 

There is an oxide known for each of the series, and one, 
Mn304, is thought to be a mixture of two others. In general the 
manganous salts and those of permanganic acid are more easily 
formed than the manganic salts and those of manganic acid 
thus differing from chromium which preferably forms chromic 
salts and those of chromic acid. Manganates are stable only in 
the presence of alkalies. When acidified they change to the 
permanganates and the color changes from green to purple. 

626 . Occurrence and Preparation. Manganese, like chro- 
mium always occurs combined, the chief ore being pyrolusite, 
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Mii 02, which is rather abundant and widely distributed, but 
which does not occur in large quantities in the United States, 
the most important mines being in Russia, Spain, India and 
Brazil. Other oxides occur and they may be reduced by heating 
them to a high temperature with charcoal or aluminum in an 
electric furnace, some manganese carbide being formed when 
charcoal is used. 

526. Properties and Uses. Manganese resembles cast iron, 
being hard, grayish, and brittle. It has a brilliant luster that 
disappears in moist air. Powdered manganese decomposes 
water at 100° and is superficially oxidized. It dissolves in dilute 
acids and with other metals forms several important alloys 
such as Spiegel iron, ferromanganese, manganese bronze, etc., 
those of iron and manganese being used in the manufacture of 
Bessemer steel. 

Compounds of Manganese 

627. Manganese Dioxide is the most important compoimd 
of manganese. It is a black solid occurring in an impure condi- 
tion as pyrolusite. By heating manganous mtrate, Mn(]Si03)2, 
to 155°, manganese dioxide is obtained pure, and vapors of 
nitrogen tetroxide are given off. It is used in the manufacture 
of glass and in preparing oxygen, chlorine, manganese com- 
pounds and alloys. When heated with hydrochloric acid 
manganous chloride is formed and chlorine is given off. 

Mn02+4HCl-->MnCU+Cl2 T + 2 H 2 O. (See §219 ; 

The chloride is pink and will unite with certain other chlorides 
to form double chlorides as (NH4)2MnCl4* Manganese oxide, 
MnO, gray green in color; manganic oxide, Mn203, manganous- 
manganic oxide, Mn304y which is red; manganic anhydride, 
MnOs, and permanganic anhydride, MhsOt, are not as important 
as manganese dioxide and will not be described in detail. 

528. Of the Permanganates, or salts of permanganic acid, 
potassium permanganate is the most important and best known. 
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It is a reddish purple solid forming shining crystals that some- 
times appear greenish black. It is made by oxidizing manga- 
nese dioxide in the presence of a base, the oxygen being supplied 
by the air, by potassium chlorate or potassium nitrate a typical 
reaction being expressed by the following equation: 

Potassium manganate 
Mn02+2KOH+0 KsMnOi+HjO 

When potassium manganate is treated with sulphuric acid, 
carbon dioxide or water, it is changed to the permanganate. 

3 K 2 Mn 04 + 2 C 02 --^ 2KMn04+Mn02-h2K2C03, or 
SK 2 Mn 04 + 2 H 20 2KMn04+Mn02-b4K0H 

Potassium permanganate is used in many cases where a power- 
ful oxidizer is needed as in the purification of water and sewage, 
as a disinfectant, in bleaching, dyeing and in purifying such 
gases as hydrogen, ammonia, carbon dioxide, etc. The color 
and odor may be removed from cistern water by the addition 
of potassium permanganate. When organic matter is present in 
water it may be detected by the addition of a little sulphuric 
acid and a drop or two of potassium permanganate after which 
the solution is warmed. The action between the permanganate 
and the acid may be written as follows: 

2KMn04+3H2S04 50-f K2S04+2MnS04+3H20 

The liberated oxygen attacks the organic matter and the solution 
becomes colorless or nearly so. 

Other Manganese Compounds 

529. Potassium Manganate, K 2 Mn 04 , formed as in the 
first operation to make the permanganate, is treated with water 
and evaporated to crystallization when small greenish black 
crystals are formed. All manganates are salts of the hypotheti- 
cal manganic acid. 

Manganese carhonaU, MnCOs, may be made from the residues 
when chlorine is made by the action of manganese dioxide and 
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hydrochloric acid. The salt is a whitish powder with a pale rose 
tint, which when heated in air gives off carbon dioxide and is 
converted into red oxide of manganese. 

Manganese sulphate, MnS 04 , is a pink salt crj^stallizing with 
two molecules of "water of crystallization, and is formed by dis- 
solving manganese carbonate in sulphuric acid . As the tempera- 
ture is raised the water passes slowly off. 

Manganese sulphide, MnS, is a flesh colored precipitate 
formed when ammonium sulphide is added to a solution of a 
manganous salt, which serves to distinguish it from all other 
sulphides. 

RaDIUjM 

630 . Radium, as the chloride or bromide, may be obtained 
in a pure state from pitch-blende or in a less pure state from 
such rare minerals as samarskite, fergusonite or cleveite, which 
contain varying amounts of uranium, thorium, cerium, yttrium, 
etc., the amount from uranium oxide being about 1 gram from 
3 tons of the ore. The uranium becomes recharged in a few 
months and this may be repeated any number of times. The 
amount of radium contained in these minerals is very small, 
often less than one part in 100,000,000. It is one of the rarest 
elements, the only ones that occur in smaller amounts being, 
possibly, krypton, xenon and actinium, the last of which has 
not been produced in sujSdcient amounts to be weighed. 

Nearly 5 ounces of radium have been produced in the U. S. 
In 1914 it was estimated that the carnotite ores of the U. S. 
would produce 3J^ ounces of radium, but present estimates 
place the total at 20 ounces. The production of ounce per 
year is the maximum production in the XJ. S. at present. The 
supply comes from Colorado and Utah. 

It has been found that radium salts give off 3 kinds of rays 
known as the alpha rays a, beta rays and gamma rays 7 . 
(See Fig. 142.) These differ both in their penetrating power and 
in the manner in which they are affected by a magnetic field. 
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The alpha pa^i^icles are positively charged and have very little 
penetrating power. The beta rays are a stream of electrons and 
are more penetrating than the alpha rays. The gamma rays 

are not affected by the magnetic field 
and are practically the same as 
X-rays. 

The rays act upon the air making 
it a conductor of electricity; they 
fog a photographic plate even 
though opaque substances inter- 
vene; they produce sores upon the 
body and if the exposure to the rays 
is long enough the scars are permanent, although the sores may 
not appear until several weeks after the exposure. Particles of 
radium are thrown from the main mass with enormous velocity. 
These particles may be seen by using a spinthariscope which 
consists of a zinc sulphide screen and a double convex lens 
giving a magnification of 10 to 20 diameters. (See Fig. 143.) 
A small speck of radium is placed between the screen and the 
lens and from this speck small particles are thrown off 
against the screen. To the naked eye the effect is a soft glow 
but the lens makes the small flashes of light appear like those 
produced by flint and steel. The spinthari- 
scope may also be used with a compound 
microscope using a 16 mm. objective and a 
5X or 734 X eyepiece, giving 50 or 75 di- 
ameters. The heating effect produced by 
this bombardment is enormous when com- 
pared with the mass of radium, and it has, 
been estimated that one gram of radium 
would give off as much heat as 300,000 
grams of coal. Radium salts are usually 
from 3^^ to 5® warmer than the surrounding 
atmosphere. 



Fig. 143. 

A Spinthariscope 



Fig 142 Radium Gives Off 
a, ^ and y Rays 
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This radio-activity is independent of aii chemical or physical 
conditions, heat or cold and chemical changes having no effect 
upon the activity of the particles. Rutherford has advanced 
the theory that the atoms of radio-active substances are slowly 
disintegrating into simpler substance. The radio-active ele- 
ments, uranium, thorium and radium, have the greatest atomic 
weights of any known elements whose atomic weights have been 
determined. See table. When the atom disintegrates a new 
substance is formed, and the new substance further disintegrates 
until a stable combination is reached. It has been estimated 
that radium loses half its activity in 1280 to 2000 years so that it 
must be continuously formed or radium will eventually cease 
to exist. 

531. When Radium Disintegrates the alpha particles have 
been proven to be positively charged helium atoms. Another gas 
known as Niton is produced at the same time. This gas has a 
molecular weight of 222. Niton is frequently called radium 
emanation. This decomposes into a substance called radium A 
producing a second helium 
atom and disintegration 
continues, forming radium 
B, C, D, and E, each of 
which forms another helium 
atom. Radium F then dis- 
integrates into radium G 
having an atomic weight of 
206 known as radio lead. 

This is no longer radio- 
active and undergoes no 
other changes. It has all 
the properties of ordinary 
lead except a lower atomic 
weight and for this reason 
was at one time included 
in the list of elements as 
the second variety of lead 
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Fig. 144. Extraction of Radium* 
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although this practice has been discontinued. Radium itself 
is derived fiom the disintegration of uranium and when the 
radium salts have been extracted from the uranium ores the 
exhausted ores will again become radioactive and more radium 
may be extracted. 

532. Radium is Used in three ways (1) in medicine, par- 
ticularly m the treatment of cancer, where its value is not 
satisfactorily proven; (2) as luminous paint, (3) the low grade 
radium residues are used as fertilizers. 

Radium paint consists of 0.4 mg of 
RaBra mixed with 1 to 2 g. of phosphores- 
cent ZnS. This is sufficient to last for 
2 years, when the ZnS is worn out. The 
radium may be recovered and used 
again. (Fig. 145.) 

533. Electron Theory. The question 
naturally arises, What is the source 
of uranium? One theory concerning 
the constitution of matter is known as 
the electron theory, which, according to 
J. J. Thompson, is essentially as follows: 
The atom is bmlt up of electrons or 
Fig. 145. A Radiolite small particles highly charged with 
Watch electricity. The positive electrons are 

thought to form the nucleus of the 
atom, around which the negative electrons are rapidly rotat- 
ing. The difference in the various atoms would consist simply 
in a difference in the number of electrons present, rather than 
in a difference in composition. According to the theory, the 
hydrogen atom is supposed to contain 2000 electrons and the 
other atoms contain a proportionate number according to their 
atomic weight. Thus oxygen would contain 32,000 electrons 
and uranium (238.2) would contain 476,400. The number of 
positive electrons in the atom is thought to be equal to the 
number of negative electrons, since the atom is believed to be 
electrically neutral. 
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It IS not difficult to see that if the electrons are present in 
large numbers some might be spht off, thereby changing the 
substance. Thompson succeeded in reversing the process and 
has added electrons to elements of low atomic weight, thereby 
producing elements of higher atomic weight. What the future 
work along this line of research may lead to no one can tell 
absolutely, but it may sometime be possible to produce any 
element desired by the addition or subtraction of electrons from 
other elements. 

534. Problems. 

1 Write the quantitative equation for the reaction of hydrochloric 
acid with 40 grams of potassium dichromate 

K2Cr207+14HCl-^2CrCl34-KCl-f7HsO-i-3Ci2 

2, Write the quantitative equation for the reaction of sulphuric acid 
and alcohol with 50 grams of potassium dichromate (§522). 

3, How much hydrochlonc acid is required to react with 75 grams of 

manganese dioxide*!^ (§527) ^ 

4, Write the quantitative equation for the formation of 100 grams of 
potassium manganate from potassium hydroxide, manganese dioxide and 
oxygen. (§528) 

5. How much potassium permanganate is formed by the action of 66 
grams of carbon dioxide upon potassium manganate? (§528) 

6. How much potassium permanganate is formed when 500 grams of 
potassium manganate react with water^ (§528). 

7. How much sulphuric acid is required to react with 80 grams of 
potassium permanganate? (§528). 
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THE PEiaODIC LAW 

535* Early Attempts to Classify the Elements. The student 
has observed that certain elements have been selected for treat- 
ment in the same chapter and that comparisons have been made 
in several cases. This has been most prominent in the chapter 
on the halogens and in that on phosphorus, arsenic, antimony 
and bismuth. The fact that some of the elements are related 
m their general properties, was noticed many years before it 
was thought to have any important bearing on theoretical chem- 
istry. As early as 1829 Dobereiner noticed that certain elements 
may be arranged as triads or groups of three elements, in which 
the^ atomic weight of the second element is the arithmetical 
mean between the first and third. The properties of the second 
element are intermediate between the other two. This may be 
seen in several instances of which the following are good 
examples: 

Chlorine 35 46, bromine 79 92, iodine 126 92 
35 46 + 126 92 

i 81 19 

Sulphur 32 06, selenium 79 2, tellurium 127 5 

32 06 + 127 5 
r =79 78 

Lithium 6 94, sodium 23 00, potassium 39 10 

6 94+39 10 

=23 02 

Z 

Calcium 40 07, strontium 87 63, barium 137 37 

40 07+137 37 
r =88 72 

Phosphorus 31,04, arsenic 74.96, antimony 120.2 

3l:gi±12.Q:?,7562 

2 


388 



THE PERIODIC LAW 


389 


636. The “Law of Octaves.” In 1864 Newlands observed 
that if the elements were arranged in the order of their atomic 
weights similar elements were separated by about equal dis- 
tances, and he formulated his ^'Law of Octaves,” comparing the 
elements to the notes in music, since every eighth element 
seemed to belong to a natural group whose members resembled 
each other more than they did the other elements. The law 
was not accurate in every case and has been abandoned. 

537. The “Periodic Law” was first propounded by IMendele- 
jeff, a Russian chemist in 1869, and revised by Lothar Meyer in 
1870. The substance of the law is somewhat as follows. The 
properties of all elements are periodic functions of their atomic 
weights. It means that the atomic weight of an element deter- 
mines what properties that element may have, and that if the 
atomic weights of tw^o elements differ their properties must 
differ. 

538. Arrangement of the Elements. The elements are 
divided into 12 series arranged in horizontal lines according to 
the atomic weight and divided into 9 groups arranged in vertical 
columns, the members of which have in most cases rather similar 
properties. *It will be noticed that the first series is very incom- 
plete, but we may take series 2, 3, and 4 for comparison. In 
the first group wiU be noticed lithium, sodium and potassium. 
A careful study of their properties will show that they are very 
similar in their chemical behavior. In group V the similarity 
in the compounds of nitrogen and phosphorus has been noticed, 
and by going into some of the other series we find that these are 
in many respects similar to arsenic, antimony and bismuth. 
In Group VI will be found oxygen and sulphur. Many ox^’^gen 
compounds have a corresponding sulphur compound as may be 
noticed by recalling water, HaO, and hydrogen sulphide, HaS; 
carbon dioxide, CO 2 , and carbon disulphide, CSa, etc. In group 
VII are found fluorine, chlorine, bromine and iodine whose great 
similarity may be seen by referring to the comparative table 
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given in Chapter 11. In group YIII at the end of series 4^ 6, 8 
and 10 are found 3 elements which seem to form small inde- 
pendent groups, but these small sub-groups are not found after 
the other evenl}^ numbered series, although they might naturally 
be expected. Series 2, which, before the discovery of helium, con- 
sisted of only 7 elements, is known as a short period, while the 
thh-d and fourth series with the sub-group in series 4, group 
VIII, is known as a long period. The recently discovered gases 
of the atmosphere seem to fall most naturally into series 2, 3, 
4, 6 and 8 in group 0 since their valence is 0. 

539. Vacant Spaces. In a uniform table several more 
elements should be discovered to fill in the gaps that may be 
noticed. Series 2 and probably series 12 should each have a 
sub-group of 3 elements in group VIII, while possibly all of the 
odd numbered series should have 2 or 3 elements in the sub- 
groups of group VIII, and many other gaps in the table should 
be filled for completeness. That the prediction of elements 
is possible may be seen from the fact that the discovery of 
scandium, gallium, germanium, samarium, etc., and their prob- 
able properties were foretold before the elements themselves 
were known. 

540. Combining Power as Shown by the Table. A careful 
study of the elements of the table 'mil show that their atomic 
volume, that is their atomic weight divided by their density, 
and their volatility decrease as we pass from either end of the 
series toward the middle. The powder to combine with oxygen 
increases from left to right as may be seen from certain oxides 
selected from many — H 2 O, MgO, B 2 O 3 , CO 2 , P2O5, SOs, I2O7, 
OsaOs; while the power to combine with hydrogen seems to be 
limited to groups IV, V, VI, VII and increases as we pass from 
right to left, as seen in HF, H 2 O, NHs, CH 4 ; but hydroxides of 
the first three groups are weU known, and the power to combine 
with hydroxyl increases from left to right, NaOH, Ca(0H)2, 
A1(0H)8, etc. Groups I, II and III are more metallic and 
hence form the strongest bases; groups VII, VI, V are non- 
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metallic and are acid-forming, while group IV is not strongly- 
marked as either metallic or non-metallic and its members form 
both acids and bases. Groups VIII and 0 do not enter the gen- 
eral scheme but serve to connect the strong acid forming ele- 
ments with the strong base forming elements. With the excep- 
tion of radium the newly discovered elements seem to fall into a 
group by themselves. They do not form compounds in the 
ordinary sense of the term and if they have any place at all in 
the table, it would seem natural to place these non-valent 
elements in spaces to serve as connecting links between the 
negative univalent halogen elements and the positive univalent 
alkali metals. An apparent exception will be seen in argon, 
having an atomic weight of 39.9 thus placed before potassium 
which has an atomic weight of 39.10, but the latest results show 
that the atomic weight of tellurium is 127.5 and not 125.2 
as formerly assigned, yet it must stay in group VI, while iodine, 
126.92, falls in group VII, where it must remain. 

541 . Hydrogen and Radium. The place of hydrogen has 
been questioned. Since it is univalent it must fall into either 
^oup I or VII. In physical properties it resembles the halogens 
more closely than it does the alkali metals. In chemical prop- 
erties it is different from either group, although in acids it is 
easily replaced by the alkali metals, and in organic compounds 
by the halogens. 

The new element, radium, to which the atomic weight of 
226 has been assigned seems to belong to group II and falls 
naturally into series 12 along with thorium and uranium, two 
other radio-active elements; and niton is placed in group 0 
with the other non-valent elements. 

542 . Atomic Numbers. The latest arrangement of the 
elements is based upon the atomic numbers. This system was 
first described by Moseley in 1913, and is based upon the be- 
havior of X-rays when they are allowed to fall upon different 
metals. The reflected rays form a spectrum and give character- 
istic lines. The spectra are photographed and the rate of vibra- 
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tion of the rays is determined. A factor or Q value is deter- 
mined, and this value differs by unity for the different elements. 
Placing hydrogen at the lowest value, 1, some of the other 
elements are helium, 2; lithium, 3; glucinum, 4; boron, 5; 
carbon, 6; nitrogen, 7; oxj^gen, 8; fluorine, 9; neon, 10; etc. 
The atomic numbers are determined by adding 1 to the Q 
values, and when determined denote the position of the element 
in the series as determined by the X-ray spectrum. 

Since liquid and gaseous elements do not act in the same 
manner as metals the atomic numbers of these elements are 
determined by indirect methods. For example, the value 
for chlorine or bromine might be learned from the sodium com- 
pounds, sodium chloride and sodium bromide. Since the value 
for sodium may be determined directly, the value for the 
chlorine may be determined by subtracting the sodium lines 
from those of sodium chloride, the difference being the lines for 
chlorine. 

643. Comparison of Periodic Table and Table of Atomic 
Numbers. From the periodic table it w^ill be noticed that in 
three places the elements are not exactly m order of atomic 
weight; argon comes before potassium; cobalt comes before 
nickel ; and tellurium comes before iodine. In the table of atomic 
numbers argon is 18; potassium, 19; iron, 26; cobalt, 2^ ; nickel, 
28; tellurium, 52 and iodine, 53. There is only one gap between 
molybdenum, 42, and ruthenium, 44; and among the rare 
earths, indicated in the periodic table as having weights from 
about 140 to 180, with the exact number a little in doubt, there 
are according to Moseley only 15 possibilities. If all the gaps in 
the periodic table could be filled in groups 0 to VII with 3 in 
the even series of group VIII there w^ould be 114 elements, 
while if the odd series of group VIII should also have three 
elements each the total would reach 132. Moseley stated before 
his death that there could be only 92 elements acording to the 
atomic numbers, but this is now taken to apply to t}T)es of 
elements, rather than to the exact number. 



CHAPTER XXV 

APPLIED CHEMISTRY 

CARBOHYDRATES, FATS AND PROTEINS 

544. Food Defined. A food jnay be defi.ned as a substance 
taken into the body for the purpose of adding to or maintaining 
the heat and energy of the body. If a substance contributes to 
neither heat nor energy it cannot be classed as a food. 

545. Pure Food. A food, to be considered pure, must not 
contain any substance that acts upon the body injuriously to 
produce distress, sickness or death. It must no4 contain any 
deleterious or poisonous substance, and must not be adulterated 
in any way either to deceive the purchaser or to cause a reduction 
in the food value. Nor can a pure food contain any preservative 
used in such a manner as to enable the dealer to sell as food any 
substance that is partly or wholly decomposed; although the 
well known preservatives, such as sugar, salt, spices, etc , are 
not considered as being added to deceive. 

546. Chemical Elements in Food. The elemental sub- 
stances occurring in foods are chiefly carbon, hydrogen, oxygen 
and nitrogen, found in all animal and vegetable foods. Certain 
foods contain small amounts of calcium, phosphorus and silicon 
used in feeding the bones and teeth; and iron, sodium and 
chlorine, found in the blood. Other elements occur in minute 
quantities. These elements are not used in a free condition, but 
are found in compounds, of which we have several well-known 
groups used as foods. 

547. Classification of Foods. Foods are divided into four 
classes — carbohydrates, fats, proteins and mineral matter. 
Some of the compounds are simple in structure, while others 
are very complex and are not well understood. 

648. Carbohydrates Defined. Carbohydrates are com- 
pounds of carbon, hydrogen and oxygen, the last two being 
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found in the same proportion as they are found in water, but 
they are not thought to have the hydrogen and oxygen com- 
bined as water in the compound. There are some exceptions to 
the rule since formaldehyde, CHoO, is not classed as a carbohy- 
drate and rhamnose, CeHioOs, is. Carbohydrates are mostly 
of vegetable origin. As a food carbohydrates supply energy to 
the body. 

549. Carbohydrates Classified. There are three main 
divisions of carbohydrates, (1) Monosaccharides, or simple 
sugars, where the name of the monosaccharide depends upon the 
number of carbon atoms in the molecule. The most important 
of these Q^Te the hexoses, C6H12O6, including glucose (called also 
dextrose and starch sugar), levulose and fructose; and to a small 
extent one of the pentoses called arabinose, C5H10O5, (2) Poly- 
saccharides, or complex sugars, CiaHsaOu, including cane sugar, 
sugar of milk, maltose, etc. (3) Polysaccharides, not resemb- 
ling sugar, including (a) cellulose and starch, (CeHioOs)^? 
(b) dextrin, CeHioOs, and certain gums, as gum arabic, which has 
the same percentage composition as cane sugar and the same 
formula, C12H22O11. The percentage composition of carbo- 
hydrates is given in §557. 

560. The Carbohydrates Used as Foods include sugars, 
starches and cellulose. There are about 200 sugars known to 
chemistry but the most prized is sucrose C12H22OH, found in 
sugar cane, sugar beets, maple sugar, etc. Dextrose, levulose, 
milk sugar and meat sugar are all consumed in foods, but they 
are less sweet than sucrose. 

Starch, (CeHioOs)^; occurs in various plants, such as potatoes, 
grains, etc. The different starches are insoluble, but they are 
changed chemically in the sap of plants, in the sprouting of 
grain, and may to some extent be acted upon by the pancreatic 
juice during digestion, changing to some form of sugar, chiefly 
dextrose and maltose, which are more easily digested than cane 
sugar, since the latter has first to be changed into dextrose and 
levulose before being digested. The formula for starch is 
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written (CeHioOs)^, and not CeHioOs, because the methods of 
determining exact molecular weights fail to work with starch 
and we can learn from analysis only the proportions in which the 
elements occur. 

Cellulose^ CeHioOs, occurs in wood and vegetable fibers, and 
although consumed in rather large quantities along with food, 
is insoluble and is not assimilated, except when very tender. 
It probably serves a useful purpose by adding to the bulk of the 
material passing through the intestines, thereby helping to 
prevent constipation. 

The- chemical steps by which starch, cellulose, etc., are made 
in the plant are not fully understood. We know that plants 
take in air through microscopic openings in the leaves, called 
'^stomata.^^ Water ascends from the roots, through the stems 
and veins of the leaves, and finally is brought into contact with 
carbon dioxide in the cells of the leaves. In these cells is a green 
substance known as chlorophyll which is believed to act as a 
contact agent, while the sunlight supplies the energy necessary 
for the chemical umon. Probably there are several steps in the 
process, but the final result may be expressed for starch by the 
equation 

6CO2+5H2O CeHioOfi-f 6O2 

The surplus oxygen, not being needed by the plant, passes out 
into the atmosphere through the stomata. This chemical action 
is known as “photosynthesis,^^ which means “light synthesis^’ — 
a s3'’nthesis aided by sunlight. 

Fig. 146 shows what is called the carbon dioxide and oxygen 
cycle in nature. Animals take in oxygen from the air, and 
exhale carbon dioxide, which is taken up by the plants as just 
explained, and the surplus oxygen is given out again to the 
atmosphere. 

651. Extraction of Starch From Com. The separation of 
starch is largely mechanical. The corn germ, consisting of 
protein, oil and gluten (not the same as wheat gluten, see §629), 
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is surrounded by starch which will be converted into sugar if the 
germ sprouts. (See Fig. 147.) The corn is steeped in dilute 
sulphurous acid, softened, broken into coarse particles, and the 



Fig. 146 Carbon Dioxide and Oxygen 
Cycle. 



Fig. 147. Com Struc- 
ture. 


germs are separated from the starch and hulls by being con- 
ducted into deep tanks of water where the germs float and the 
starch and hulls sink. Corn oil is extracted from the germs by 
pressure, and is used for soap, or if refined may be used for 
cooking. The germs which contain some oil, much protein and 
starch and some mineral matter are made into oil cake, used for 
cattle food. 

The removal of the starch is accomplished by agitation with 
water, and the coarser particles are reground. It is then passed 
with water through long wooden troughs, slightly inclined. 
The starch settles, and from time to time is removed and dried. 

Fig. 148 shows a comparison of the grains of starch obtained 
from corn, potatoes, wheat and rice. Potato starch is distin- 
guished by the large grains, of an inch in diameter, while 

wheat starch averages — ^ of an inch, and rice starch has much 
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finer grains. Starch is insoluble in water, but when boiled it 
swells and bursts. (See Fig. 149.) This gives a sort of trans- 
parent jelly which, when further diluted, passes through filter 
paper hke a solution, but, since the starch has not reached 
molecular proportions, is not a true solution, but is called ' 
collmdol snsipe7iswn 



Fig. 148. Comparison of Starch 
Granules. 



Fig 149 A Granule of Starch 
Bursts Open by Boiling 


562. Making Sugar From Starch. The starch is suspended 
in water, a small amount of hydrochloric acid is added, and the 
mixture is heated by steam under pressure. The starch takes 
up a small amount of water, forming at fiirst dextrin and dextrose. 
On further heating the dextrin changes into maltose and dext- 
rose, and finally the maltose changes into dextrose, so that the 
final equation might be written 

{CeHioOjx'h'^HjO — > xC6Hi20b 

With prolonged heating almost all of the starch is changed into 
dextrose. What crystallizes out is known as corn sugar. The 
acid in the syrup is then neutralized with soda ash. The liqmd 
is then filtered first through canvas bags, then through animal 
charcoal, into large tanks, the odor being removed. The 
syrup is then concentrated in vacuum pans and is known as corn 
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syrup, often called glucose, but is a mixture of dextrose, (glu- 
cose) dextrin, and similar sugars m smaller amounts. 

553. Treatment and Use of Com S 3 mip. Corn syrup has 
very little flavor and is, therefore, mixed with molasses from the 
sugar refiners, which is too strong to use alone, the mixture 
giving table s>uup. Glucose is highly nutritious, is readily 
digested and assimilated and has a calorific value of 1777 per 
pound. The greatest objection to glucose is that it is usually 
sold under another name, or is used as an adulterant for cane 
sugar in candy making, etc. There are no valid objections to it 
if sold for what it is. Fully 1,000,000,000 pounds are made 
annually* 

554. Sucrose is obtained from the sugar cane, sugar beet, 
sugar maple, sorghum, the Java Palm, etc. The sugar cane is 
cut, pressed, and the sugar is dissolved out with water, while 
lime is added to make the syrup alkaline. With beets the pro- 
cess is about the same except that the sugar is removed more by 
diffusion. Phosphoric acid is added to the syrup containing the 
Imie, forming calcium phosphate which carries dowm the impuri- 
ties. It is then filtered through animal charcoal, evaporated in 
vacuum pans (see fig. 150) and crystallized. A little Prussian 
blue is added to remove any 
traces of yellow color. The 
uncrystallizable portion is 
known as molasses. 

555. Other Sugars. Maple 

Sugar. Maple sugar is 
made by tapping the sugar 
maples, boiling the sap to a 
thick syrup, and stirring the Vacuum Evaporators, 

syrup until it crystallizes as 

maple sugar. The flavor is different owing to small amounts 
of substances not found in the cane or beet sugar. Maple 
sugar is highly prized on account of its delicate flavor, so that 
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it very frequently is adulterated, a fair imitation being made 
from brown sugar and mapelene. 

Honey is a natural syrup containing dextrose, levulose and 
sucrose, but no maltose, and is obtained from plants by bees. 

566. Sugar as Food. Some use sugar only for flavoring, 
or eat candy merely to gratify the taste. Sugar alone has a 
calorific value of 1777 per pound, while chocolate, with which it 
is most frequently combined, has a calorific value of 2684. 
Nuts, which are frequently added to the candy have a calorific 
value nearly as high as chocolate, as compared with 1,000 for 
meats and 500 for vegetables and fish. In fact one pound of 
chocolate creams and two-thirds of a pound of peanuts will give 
almost enough nourishment for a day, and in almost the right 
proportion — 85 grams of protein, 149 grams of fat and 403 of 
carbohydrates, as against the necessary 100 of protein, 100 of 
fats, and 420 of carbohydrates. However, a large part of the 
carbohydrates should be present as starch, instead as the almost 
perfectly soluble sugar. Although sugar is stimulating for a 
short time it is quickly used up in the system and is not satisfy- 
ing. Peanuts, also, are not so desirable in large quantities, 
since they contain other constituents that frequently cause 
distress. It is better to eat both candy and nuts as a part of a 
meal rather than as a supplementary lunch between meals. 

567. Percentage ComjK)sition of Carbohydrates, Fats and 
Oils Used in Foods. 


Name of 8vhf>iance 

Carbon 

Hydrogen 

Oxygen 

Cane sugar and Maltose, Ci2H220n 

42 105 

6 432 i 

51.462 

Glucose, Dextrose, Levxilose, CcH^Oc 

40 000 

j 

6 666 

53 333 

Starch, Dextrin, Cellulose, CeHioOs 

44 444 

! 

6 172 

49.384 

Fats and Oils (averaa:e) 

76 5 

11 9 

1 11 5 



CARBOHYDRATES, FATS AND PROTEINS 401 

668. Fats and Oils. From the preceding table it will be 
seen that the fats and oils have a much smaller percentage of 
oxygen with a corresponding increase in the percentage of carbon 
and hydrogen. They have a complex structure and are com- 
posed of glycerin, CsHsCOHjs, and fatty acids. The oils are 
often changed by the action of light and air so that the free 
acids are liberated, and if these develop a distinct odor and taste 
they are called rancid. Not all acid oils are rancid, but all 
rancid oils are acid. During digestion the glycerin separates 
from the acids, but after absorption these are recombined to 
form the body fats. Animal and vegetable fats are very similar 
in composition. 

Hydrogenation of Oils. Oils that have become rancid, or 
fats that are too rancid or too soft to use in food products may 
be sweetened and solidified by passing pure hydrogen through 
the warm oil or fat containing a catalytic agent, such as one of 
the nickel salts. Nickel oxide, nickel sulphate, nickel formate, 
etc., are used as catalytic agents. The addition of the hydrogen 
acts chemically as a reducing agent, lowering the percentage of 
oxygen. After the hydrogen has been taken up by the oil, it is 
filtered to remove the nickel salts. 

If oil is kept for a long time at a low temperature it separates 
into a solid and a liquid layer. These may be separated by filtra- 
tion, and if warmed may be recombined, but the properties are 
not exactly the same after the recombination. Solid fat may be 
heated to a point where only a part of it is converted into oil. 
If this is separated by filtering the solid part is called stearin. 
When the decomposition is carried further, glycerin and one or 
usually more of the fatty acids may be obtained. Fats that are 
liquid at ordinary temperatures are known as oils, such as oleic 
acid, found largely in lard. Other acids, such as stearic and 
palmitic form solid fats, such as beef and mutton tallow. These 
acids do not occur free in fats and oils but are combined with 
about 8% of glycerin, forming stearin, palmitin, olein, etc. 
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Pure glycerol (glycerin) is a viscous, colorless, sweet s5Tup 
that solidifies at low temperatures and boils at 290 ® with decom- 
position. Its specific gravity is 1.265 at 15 ®. Very often substi- 
tutes for glycerin are used in toilet preparations and elsewhere, 
such as nulomoline, made from cane sugar, white Karo s\Tup, 
etc. 

559. Decomposition of Fats. Fats are conmionly decom- 
posed by heating with steam, by alkalies, by the action of 
bacteria or the digestive fluids. If heated strongly acrolein is 
set free from the decomposition of the glycerin. This is very 
irritating to the eyes, causing tears. 

In soap making, (see § 766 , ff.) the fat is decomposed by alka- 
lies and the glycerin ma}^ either remain in the soap, or it may 
be separated, purified, and sold as a separate product. 

660. Other Ingredients of Oils. Most oils contain a small 
amount of flavoring matter. Some, as croton oil, contain pois- 
onous ingredients, while others, such as cod and castor, are used 
as medicines. 

561. Oils Used as Foods. The chief oils used as foods are 
derived from almonds, cocoanuts, cottonseed, corn, hazelnuts, 
olives, peanuts, rapeseed, sesame, sunflower seed and poppy 
seed, the one used in any locality depending upon the individual 
taste, and the cost and ease of obtaining the oil. In the United 
States the oils most commonly used are olive, corn, cottonseed 
and cocoanut. 

562. Olive Oil. The oil obtained from hand-picked, un- 
bruised olives, cold-pressed, is a neutral oil, and is known as 
'Virgin oil.^’ The residue is heated and again pressed, giving 
an inferior oil that has to be purified before it can be used as a 
food. The residue from the hot presses may be treated with 
carbon disulphide or petroleum ether, and yields a third quality 
of oil, that is not suitable for food but is good for soap. 

663. Adulteration of Olive Oil. Since olive oil is expensive 
when pure, various oils are used as adulterants. In the United 
States cottonseed oil is used for this purpose, while in Europe 
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sesame or peanut oil and occasionally castor oil, lard oil, fish oil 
or even petroleum are used. If the foreign oil is not over 20 to 
30% it cannot be detected by the taste. 

664. Properties of Olive Oil. Olive oil has a pale yellow or 
greenish yellow color. Its specific gravity varies from 0.915 
to 0.918 at 15® C. Its chemical formula may be expressed as 
C26H48OH. It is soluble in ether, chloroform and carbon disul- 
phide, and sparingly soluble in alcohol. Olive oil becomes ran- 
cid upon exposure. Olive oil is chiefly olein with from 3 to 20% 
palmitin, and small amounts of arachin (from peanut oil) 
stearin, linolein and cholesterin. According to Food Inspection 
Decision No. 139, olive oil is the only oil to which the name 
'‘sweet oil” may be applied legally. It may not be applied to a 
mixture of olive and cotton seed oils. 

665. Cocoanut Oil. This oil is made from cocoanut meats 
by pressure. It more nearly resembles butter fat and is used for 
making artificial butter, and when deodorized as a filling for 
chocolate creams. It is a white, semi-solid, lard-like fat, turning 
to a liquid at 20 to 25® C. It is soluble in alcohol and ether. 

666. Com Oil is made from the germs of the corn and 
although it was formerly a product of the distilleries, it is now 
made largely in the starch and glucose works. The whole grain 
contains about 4.1% oil. The germs alone contain about 53 . 1%, 
yielding about 40%. 

Corn oil is clear, of a pale yellow color, and when properly 
made does not require refining for commercial purposes. If 
badly prepared and allowed to stand in contact with albuminous 
matter it undergoes fermentation, forming free fatty acids and 
becoming dark in color making it unsuitable even for soap 
making in that condition. 

The specific gravity of corn oil varies from 0.925 to 0.927. 
The saturated fatty acids present are palmitic, stearic and 
arachidic with some linolic and oleic. 

Well refined corn oil tastes like corn meal. It is used in 
making salad oils but owing to its taste is usually mixed with 
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other edible oils such as edible cotton seed oil. It is also used in 
the manufacture of oleomargarme. 

567 . Cottonseed Oil. Cottonseed oil is made from the 
meats of the cotton seed. The meats contam from 30 to 35% 
of oil. The meats are passed between heavy rollers, and are 
then cooked in steam jacketed kettles, and extracted in a 
hydraulic press with a pressure of 3,000 to 4,000 pounds per 
square inch. About 85% of the oil is extracted and the remain- 
der is left in the oil cake, which is valuable for cattle food, since 
it contains about 38% protein. The oil is then refined by heating 
and agitation in large tanks with sodium hydroxide which com- 
bines with the free fatty acids and removes the resinous coloring 
matters. After the impurities settle, the clear yellow oil is 
drawn off, dried and filtered through Fuller^s earth and deodor- 
ized. This is known as summer yellow. Winter yellow is made 
by chilling the summer yellow, crystallizing and separating the 
stearin and palmitin, which is sold as cottonseed stearin. 

568. Properties of Cottonseed Oil. Cottonseed oil is odor- 
less, resembling olive oil somewhat in color but more yellow\ 
It has a specific gravity of 0.920 to 0.930 at 15°C. It is soluble 
in ether, chloroform, and carbon disulphide, and slightly soluble 
in alcohol, 

569. Uses of Cottonseed Oil. Cottonseed oil is used largely 
in making lard substitutes, by meltmg 15 to 20% oleostearin in 
heated oil and cooling it suddenly by passing it over chilled 
rolls. Salad oil is made by chilling highly refined cottonseed 
oil until the pahnitin crystallizes out and the oil is pressed out of 
this semi-solid mass. A ton of cotton seed contains about 50 
pounds of oil, of which 45 pounds may be extracted. 

570. Butter. Butter is made by churning cream that has 
been made acid by the action of bacteria. Butter averages 
about 84% fat, 12.8% water, 2% salt, the remainder being 
sugar, protein and coloring matter. Butter fat is about 5.25% 
glycerin, combined with several of the fatty acids, of which 
palmitic is about 38.61%, oleic about 32.5%, and the volatile 
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fatty acids about 20%. These probably give the characteristic 
flavor of butter, and occur in varying proportions, butyric 
acid 5.45%; myristic, 9.89% having the largest proportions, 
while lauric, caproic, stearic, dioxystearic, caprylic and capric 
vary between 2.57 and 0.32%. The fine flavor of butter is pro- 
duced by introducing into the sweet cream a pure culture of the 
right bacteria. If other bacteria are introduced a disagreeable 
odor may be produced and the butter becomes rancid and cannot 
be used as food. 

571. Renovated Butter. Poor butter is melted in large 
tanks, and by blowing air through it most of the odor is removed. 
The casein and the brine settle and the clear, sweet fat is drawn 
off and mixed with sweet milk and churned. It is not quite the 
same as true butter and is inferior in flavor. 

572. Oleomargarine. Oleomargarine is a substitute for 
butter, in which the butter fat is replaced by cheaper fats. Oleo 
oil from lard heated to 45^ C. and pressed, is mixed with cotton- 
seed oil and milk and churned. Butter is often added to improve 
flavor and odor. Oleomargarine may or may not be colored , but 
it is a fraud to color it and sell it for butter. There is no objec- 
tion to selling the imcolored product. There is a tax of 10 cents 
a pound if colored. It produces more heat than the genuine 
butter and is said to be somewhat more indigestible. 

673. Nut Margarines. Later processes combine cocoanut 
oil and fresh milk, with or without the addition of other fats, pro- 
ducing various grades of nut margarines, differing somewhat in 
taste and composition from oleomargarine, described in the last 
section, 

674. Proteins. The proteins embrace a large variety of food 
materials and are known by different names as they occur in 
different compounds. The general term covers the substances 
known as albumen, gelatin, gluten, etc., and includes substances 
that supply the available nitrogen to the body. Such substances 
as the white of eggs, lean meat, the gluten of wheat and rye, are 
known as proteins and will average about 16% nitrogen 
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with some sulphur and phosphorus. Egg albumen coagulates 
when boiled. The protein of the blood is in solution as long as 
the blood is in the body, but solidifies on exposure, and when 
washed is colorless and known as while the liquid portion 
of the blood is called serum. Proteins are necessary to build up 
and maintain the strength of the body and cannot be replaced by 
the other food materials. Carbohydrates and fats are intended 
to furnish energy and heat for work and warmth and can to a 
large extent be substituted for each other but not for proteins. 

575. Mineral Matter. The mineral matter of foods is found 
in the incombustible ash when food is burned. As found in the 
ash it is mostly insoluble, but as found in foods it occurs in such 
combination that it is soluble in the blood and is deposited 
where needed. 



Fig. 151. Bomb Calorimeter. 


576. Calorific Value of Food. The 
calorific or fuel value of food is meas- 
ured in large calories j i.e., 1,000 times 
the small calorie. It is, therefore, the 
amount of heat required to raise 
the temperature of one kilogram 
of water one degree Centigrade. 

One gram of protein, fully 
oxidized, will produce 6.7 
large calories, but as con- 
sumed in the body it pro- 
duces only 4.1 calories, the 
same as a gram of carbohy- 
drates, while a gram of fat 
will produce 9.3 calories. 

The fuel value of a food 
is determined by using a 
bomb calorimeter. (See Fig. 
151.) The food is completely 
burned in a capsule and the 
heat is transferred through 
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the bomb to the surrounding water. The weight of the w'ater 
in kilograms multiplied by the rise in temperature in degrees C. 
gives the number of large calories produced. 

577, Candy Making. When cane sugar is heated in the 
presence of an acid it changes to dextrose and levulose, similar 
to glucose, as when tartaric acid or vinegar (dilute acetic acid) 
is added to candy. The same change occurs m the stomach. 
Candy made with glucose is not white, but slightly yellow, 
unless bleached with sulphurous acid, which is considered non- 
injurious in very small amounts, but if large amounts are used, 
or if the action is continued for a long time the kidneys are 
affected. 



578. Chocolate is made from the cocoa bean, (Fig. 152) — 
from 25 to 40 beans growing in a single fruit which is about ten 
inches long and four inches 
wide. The beans are sorted, 
roasted, hulled and crushed. 

The germs are removed and 
the nibs or meats are ground, 
usually three times, to a thin 
paste which becomes hard on 
cooling and is about 50% fat, 
about half of which may be 
removed by moderate pres- 
sure and about 60% if the 
pressure is 4,500 poxmds per 
square inch. This is known 
as cocoa butter and is used in chocolate bars and chocolate 
coatings. Sweet chocolate contains a larger proportion of sugar, 
starch and water, and a smaller proportion of fat, protein, 
theobromine, caffeine, fiber and ash than pure chocolate. 

579. Breakfast Cocoa is made by grinding chocolate from 
which part of the cocoa butter has been removed, otherwise it 
is too rich. The amount left in varies from 23 to 39%, Alkaline 
carbonates are usually added so as to make a better emulsion. 



Fig. 152. Cocoa Fruit, with Cros& 
Section Showing Beans. 
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The Dutch process uses carbonates of potassium, sodium and 
magnesium, which remain in the cocoa when heated, while the 
German process uses ammonia or ammonium carbonate which 
is expelled when heated. The cocoa is then ground and is ready 
for use. The addition of the alkali holds the cocoa in suspension 
better and prevents precipitation . The composition of breakfast 
cocoas varies with the brand, but the general composition shows 
water, 2.7 0 to 6% ; ash, 4.05 to 8.2% ; fat, 23 to 39% ; theobromin 
0.66 to 1.36%; starch, fiber, etc., 4.66 to 30%; protein, 6.75 to 
19.5%. 

680. Adulteration of Cocoa. Cocoa is adulterated by 
remo\dng a larger percentage of the fats and by adding ground 
hulls, which have no food or commercial value. 

Adulteration of Chocolate. Chocolate is often adulterated by 
using beef stearin or cocoanut oil stearin to replace the cocoa 
butter, or by using a bean known as St. John^s bread, which is 
sweet and agreeable in taste. Imitation chocolate may consist 
of gelatin and sugar colored with iron oxide and coated with 
sheUac varnish, while sometimes aniline dyes are used. 

681 . Saccharin. Saccharin is not chemically related to the 
sugars. It is also known as garantose, and has at least a dozen 
different names. Chemically it is benzosulphimid, C 6 H 4 (CO)- 
SO 2 .NH, and is made from toluene or thiosalicylic acid. It is a 
white, odorless, microcrystaUine powder, from 500 to 550 times 
as sweet as sugar. Its sweet taste may be detected when one 
part is dissolved in 70,000 parts of water. It is soluble in 250 
parts of water at ordinary temperatures, or in 24 parts at 100® C. 
It melts at 220® C. Saccharin has no nutritive value and can be 
taken in only very minute quantities. It may sometimes be used 
where sugar cannot, and is effective in killing the taste of nause- 
ous substances. 

It is illegal to use saccharin in place of sugar without labeling 
it as such since amounts might otherwise be consumed that 
would produce digestive disturbances. The use of' saccharin in 
foods intended for the mitigation or cure of certain diseases, 
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where sugar cannot be used, is not prohibited, provided the 
foods are labeled to show their true purpose, and the presence of 
saccharin is declared upon the principal label. See Food Inspec- 
tion Decisions No. 135 and 146. 

582 . Daily Ration. The average daily ration should consist 
approximately of 100 grams of protein, 100 grams of fat and 
420 grams of carbohydrates, equivalent to about 1.37 pounds of 
total food value, and requiring about four pounds of ordinary 
food to furnish the necessary material. This amount is, how- 
ever, somewhat deficient in heat, since it will furnish a little 
more than 3,000 calories while 3,500 are needed. Different 
individuals differ in the amounts needed and in their ability to 
digest different food materials. The average final digestibility 
is 91% for proteins, 95% for fats and 98% for carbohydrates, 
as they are found in the common foods. The actual work of 
digestion may, however, be hard and long when certain foods 
are eaten. 

583 . Milk as Food. Milk is one of the most important of all 
foods, averaging about 10% of the total amount consumed daily. 
Milk contains all four food constituents, and the total solids, 
which give the food value, vary from 9 to 17%, averaging about 
13% while the remainder is water. 

584 . Fat in Milk. The fat of milk is in the form of very 
minute globules about 1/10,000 inch in diameter, not dissolved, 
but in the form of an emulsion. The fat should not be less than 
3% of the whole milk. It rarely exceeds 5% and in good milk 
averages about 4% of the whole milk or about 31% of the total 
solids. When milk is allowed to stand part of the fat rises as 
light cream, forming by volume 1 /8 to 1 /5 of all the milk. When 
a separator is used all of the cream may be removed. 

586. Protein in Milk. When the cream has been removed 
the remainder is called skim milk. This contains all of the solids 
except the fat, and is relatively richer in proteins, carbohy- 
drates and mineral matter than whole milk. If the skim milk 
stands the protein, called casein, separates as curdy and may be 
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made into cheese. The casein may be coagulated by either acid 
or rennet. The protein of milk varies from about 2 to more than 
6%, averaging 3.3% of the whole milk^ and constitutes about 
of the total solids. 

686. Carbohydrates. The sweetish liquid remaining after 
the curd has been removed is known as whey and contains the 
sugar and mineral matter. By boiling the whey the sugar may 
be made to crystaihze on sticks and is known as lactose or 
milk sugar. This varies from 4 to 6% of the whole milk, averag- 
ing about 5%, and constituting about 38% of the total solids. 

687. Mineral Matter. When the whey is finally evaporated 
to dryness and the residue is heated to redness the ash or mineral 
matter remains. The mineral matter constitutes from 0.35 to 
1.2% of the whole milk and is about 5% of the total solids. The 
mineral matter is composed chiefly of the phosphates and 
chlorides of sodium, potassium and calcium. 

588. Contamination of Milk. Milk is one of the most easily 
contaminated substances. The contamination is due to minute 
organisms called bacteria, which are usually found in milk. It 
is not thought that the bacteria are in the milk before it is 
drawn from the cow, but dust from the stable or cow, dirty 
hands or milk vessels, are prolific sources of bacteria. 

589. Nature of Bacteria. Bacteria are minute organisnos 
of various shapes, such as circular, oval or rod shaped, capable 
of movement and of rapid growth in the proper medium. Many 
kinds of bacteria are useful and find practical application in soil 
fertility, yeast and vinegar manufacture, etc., but many of them 
are harrnful. The food of bacteria is transformed into different 
compounds before it is eliminated, and if the bacteria capable of 
living in the body gain entrance, they multiply, and by con- 
suming the tissues of the body produce disease. Fortunately 
comparatively few bacteria can do this, but as they are always 
present in the air and can thrive readily in milk the utmost 
precautions should be observed to avoid contamination. 
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690. Action of Bacteria on Milk. Lactic acid bacteria are 
the most active in milk. They act upon the milk sugar, chang- 
ing it into lactic acid which makes the milk sour. As many as 
20,000,000,000 ma}^ exist in a single pint of sour milk. Except 
for infants’ use sour milk is not injurious and is often beneficial. 
Not all bacteria, however, are harmless. Such diseases as tuber- 
culosis, from tubercular cattle, diphtheria, scarlet fever, dysen- 
tery, measles and smallpox from people suffering from the 
diseases, and typhoid fever from water used in the cans, may 
be transmitted by means of milk. 

591. Pure Milk. In order to have pure milk it must be 
produced under sanitary conditions. There should be absolute 
cleanliness in and around the milking room, with plenty of light 
and air, free from dust. The cows should be clean, healthy and 
contented, and the men handling the cows and milk must be 
clean and well. All cans, bottles and caps should be thoroughly 
sterilized. Since the bacteria count in milk will average about 
eight times as many in summer as in winter when the milk is 
delivered to the customer, the milk should be placed in closed 
vessels, at as low a temperature as possible, as soon as drawn 
from the cow, and kept cold until used. It has been proposed 
to limit the number of bacteria to 500,000 per cubic centimeter, 
but this number is much too high for first class milk. 

692. Grades of Milk and Special Milks. (1) Modified 
Milk. In modified milk, the milk is diluted, sugar and cream are 
added to bring them back to the normal percentage. This 
reduces the percentage of protein making it more easily digested 
by infants. Cows’ milk is 3.8% protein, which is of the total 
solids. Meat and fish are richer in protein but <iuarts of 
milk contain as much protein as one pound of meat, besides the 
fat and the sugar, and therefore, makes a better food, although 
it could not be used exclusively by adults, since it would not 
give a well balanced ration. 

(2) Skim Milk, In cities it is illegal to seE skim milk, 
although it is relatively richer in protein and carbohydrates 
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than the whole milk. It is, therefore, generally sold as butter- 
milk, made by adding lactic acid bacteria to sour it, then adding 
sweet milk and churning. Skim milk usually contains about 
10% of solids, one pound of the milk containing 0.034 pound of 
protein, and having a fuel value of 170, or one half that of whole 
milk. 

(3) Certified Milk, The term, ^^certified milk'' is applied to 
milk that shows a very low bacteria content, usually about 
15,000 per cubic centimeter. These bacteria are not necessarily 
harmless, but are usually so. The milk is considerably higher in 
cost than the ordinary. 

(4) Sterilized Milk. Heating the milk considerably above the 
boiling point kills the bacteria and the milk will remain sweet 
for a long time. The milk undergoes certain chemical changes, 
so that it is not suited for children and invalids. Boiled milk has 
a scum, probably due to the coagulation by heat of the protein, 
chiefly its albumen but possibly to a slight extent the casein also. 

(5) Pasteurized Milk, Certain bacteria produce spores, simi- 
lar in their general nature to seeds, and can resist great heat. 
Disease bacteria do not multiply in that manner, and hence can 
be killed at a lower temperature. If the milk is heated for about 
twenty minutes to a temperature of 165° F. or 74° C. the milk 
is made safe and will keep for a much longer time. It is, how- 
ever, not exactly the same as the unheated milk. 

(6) Buddized Milk. In this process the operation resembles 
pasteurization but the temperature is considerably lower, 
50° C- or 122° F. and hydrogen peroxide is added. This is de- 
composed by the heat and the oxygen set free acts as a disin- 
fectant killing the bacteria. 

693. Preservatives in Milk. The common preservatives 
used in milk are salicylic acid, boric acid, borax and formal- 
dehyde. While these are not active poisons they will, if taken 
regularly, affect the digestive system. 

694. Adulteration of Milk. The adulteration of milk 
usually takes one of three forms (1) the addition of water; 
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(2) the removal of the fat without the addition of water; 

(3) the removal of the fat and the mixing of the skim milk with 
other milk, thus reducing the fat content of the latter. The 
specific gravity of whole milk varies from 1.029 to 1.033, while 
skim milk has a specific gravity of 1.033 to 1.037. Since the 
cream is lighter than the milk, water is added to bring down the 
specific gravity if the cream is removed. One quart of water 
weighs 2 pounds, 13 ^ ounces, while one quart of milk weighs 
2 pounds, 23 ^ ounces. The specific gravity of the milk may be 
determined by the use of the lactometer. 

596. Digestion of Milk. The protein of milk when used with 
other material is nearly all digested and in that respect resembles 
the protein of meats more nearly than it does that of vegetables, 
which may be 1/10 to 34 undigested. Fats in general, as found 
in milk, meats, eggs, butter and lard, are about 5% undigested. 
In vegetable foods the fat content is not as digestible nor is the 
fat of animal food as completely digested if the diet is composed 
of a great deal of fat. Carbohydrates are in general very digest- 
ible. Cane sugar is believed to be completely digested, and 
milk sugar is probably as digestible as the cane. Although 
animal foods contain more protein than milk, and the animal 
protein is more digestible, milk ranks among the most digestible 
foods, taking into account all of its components. It should not 
be taken alone nor in large quantities, because the pepsin and 
the acid of the gastric juice cause the casein to gather in large 
lumps. This does not happen to as great an extent if the milk 
is boiled or if lime water is added, since the latter neutralizes the 
acid and seems to retard coagulation. Milk is generally con- 
sidered to be a healthful food, but some are made ill by drinking 
it. 


596. Artificial Milk may be made from soy beans, which are 
first extracted with acid and then alkali is added slowly in 
excess. They are next ground in water containing alkalies and 
phosphates if desired. The strained liquid is sterilized and sugar 
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and emulsified vegetable fats are added. Sometimes hydrogen 
peroxide and potassium permanganate are added with the acid 
for oxidation. 

697. Meat. Lean meat contains about 25% protein, 75% 
water with small amounts of fats, carbohydrates and 
mineral matter. Protein is necessary for building up and 
nourishing the protoplasm, or living cells of the body. Animal 
protein is more easily digested and assimilated than vegetable 
protein. If meat is eaten with potatoes — starch — we have all 
of the constituents of a complete diet. It is well known that 
the decomposition products of protein are not easily eliminated 
from the system so that an excess of meat should be avoided. 
On an average one-half pound of lean meat will furnish all of 
the protein necessary for an adult. Chemically, all meats are 
about the same, but there is a wide variety in flavor and digesti- 
bility. 

598. Sound Meat should be firm and elastic, red m color and 
should hardly moisten the finger. It should be almost free from 
odor. It should give an acid reaction with litmus, and when 
dried at 100®C. should not lose more than 70 to 74 % of its weight. 

699. Unwholesome Meat. There are a variety of ways in 
which meat may become unwholesome. It may contain disease 
bacteria, such as tuberculosis or trichina. If the animal is 
slaughtered too young, or if it died a natural death, or if insani- 
tary methods of killing and handling are followed the meat is 
not suitable for food. 

Pale pink meat indicates that the animal was diseased. 

Dark purple meat indicates that the animal died a natural 
death. 

600. Preserving Meats. Meat is best preserved by cooling 
it to —9® C. freezing it solid. Chemical preservatives, such as 
borax, boric acid, sulphurous acid, benzoic acid, etc., are used at 
times but are considered adulterants, because they are added to 
deceive. Sulphurous acid is used to give a bright red color. It 
is added in the form of the sodium or calcium salt to sausage 
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and other grotind meat. Salt, wood smoke and potassium 
nitrate, lonp: used in curing hams, dried beef, corned beef etc., 
are well known, and because of long usage are not considered 
adulterants. 

601, Gelatin. Gelatin is a nitrogenous substance ha\dng a 
formula said to be C 102 H 151 N 131 O 39 forming a jelly with 50 times 
its weight of water. It is extracted from horns, tendons, hides 
and hoofs, and is practically a very pure glue. The animal 
substances are first treated wnth lime, and washed, and the 
gelatin is then extracted with hot water. If white gelatin is 
wanted, it is bleached with sulphurous acid. The gelatin is then 
dried and powdered or sold in thin sheets. Gelatin is considered 
a wholesome food, but it must be kept dry or it decomposes. 
Boiling does not insure sterility as it may contain tetanus 
spores, which are not killed by boiling. 

602, Eggs. The food value of eggs is found in the protein 
and fat. Small amounts of carbohydrates and mineral matter 
are also found, two-thirds of the carbohydrates being in the 
white. Eggs average about 8 to the pound, though there are 
wide variations. The whole egg averages about 11 % shell, 
32% yolk, and 57% white. Bantam eggs and eggs from hens 
for fattening usually contain a larger proportion of yolk. White 
shelled eggs contain a larger proportion of shell than brown. 
The following table shows the comparison between the different 
parts : — 



Percentage of j 


Refuse 

Water 

Protein 

Fat 

Ash 

Ccdorus per 
•pound 

Whole eggs 

11 

65 5 

11 9 

9 3 

.9 

635 

Edible portion 

0 

73.7 

13 4 

10 5 

1. 

720 

White only 

0 

86 2 

12 3 

.2 

.6 

250 

Yolk only 

0 

49 5 

15 7 

33 3 

1.1 

1705 


Duck, goose, turkey and guinea fowl eggs do not vary a great 
deal from these proportions. 
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603. Eggs and Other Foods. In general eggs more nearly 
resemble meat, milk and cheese than vegetable foods such as 
flour, potatoes, etc. There is very little difference in the compo- 
sition of cooked and raw eggs, but there is a difference in the 
texture and, therefore, in the digestibility. There is a great 
difference in the composition of the white and the yolk. The 
fats of the latter are chiefly palmitin, olein and stearin, together 
with some phosphorus, besides other bodies more complex in 
structure, and small amounts of calcium, magnesium, potassium 
and iron salts. The albumen of the white contains sulphur, 
forming silver sulphide on silver, or hydrogen sulphide if the 
albumen decomposes. The flavor of eggs is due largely to the 
food given the hens. Eggs are quite thoroughly digested, 
whether cooked or raw, the chief difference being in the length 
of time required. 

604. Storage and Preservation of Eggs. The shell of eggs 
is of no use as food. It is composed of calcium carbopate, 
93.7%; magnesium carbonate, 1.3%; tricalcium phosphate, 
0.8%; and organic matter, 4.2%. The shell of an egg is porous 
and micro-organisms gain access through the pores. 

C old storage. If eggs are placed in cold storage at 3 1 ° to 34° F . 
they keep better after removal than if stored at 30° F. Eggs 
stored at 35° to 40° F. keep better and have a finer flavor. 
Packing eggs in various powders and liquids is widely used but 
for the best results a 10% solution of sodium silicate (water 
glass) may be used, one gallon of water glass being sufficient for 
50 dozen eggs. The solution should not be strongly alkaline, 
and should be made with boiled, cooled water. The eggs should 
be clean but not washed and after the solution is poured over 
them they should be set in a cool place. 

Egg powders often contain no eggs; the chief ingredient being 
baking powder containing rice starch. Egg powder containing 
egg may be made from rice starch 90% and dried egg 10%. 

606. Vitamines. The most startling discovery in relation to 
food and nutrition made in modern times relates to certain 
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subtle substances to which the name ^^vitammes^’ has been 
given. These substances are found in foods in such minute 
quantities that they have so far escaped chemical analysis, 
but their properties have been accurately deter min ed by experi- 
ments upon animals and observations upon large numbers of 
human beings, an^ knowledge concerning them has come to 
hold a very important place in the science of nutrition. 

While vitamines do not enter into the composition of the body, 
they are absolutely essential to health and life. If any one of 
them is lacking, or is deficient in the food, the body languishes. 
Three different vitamines are known — fat-soluble A, water- 
soluble B and water-soluble C. Vitamines A and B resist the 
action of heat; C may be influenced by heat, depending upon 
conditions. 

Fat-soluble A is highly necessary to promote the growth of 
young animals. In its absence rickets appears in the young, 
also a disease of the eyes in children, and night blindness in 
adults. This vitamine is found in butter, cream and other 
dairy products. Egg yolk and cod liver oil contain it, but it is 
not found in many other oils. It is also found in great abund- 
ance in greens of all sorts. A sufficiency of this vitamine is 
secured by the use of butter, cream and greens. Lack of vita- 
mine A increase susceptibility to infection. 

Water-soluble B is one of the most important of aU the vita- 
mines from a dietetic standpoint, for the reason that it is abso- 
lutely essential for growth and development of the young. 
This vitamine is likely to be deficient in foodstuffs. In cereals 
it is found only in the bran, and consequently in fine flour, 
polished rice, new process cornmeal, and most breakfast foods it 
is almost entirely lacking. An abxmdance of this vitamine is 
necessary to maintain the nerves in a healthy state- When it 
is absent or deficient, loss of weight and various nervous symp- 
toms appear, particularly neuritis, and if not arreted, the 
disease may steadily advance to paralysis and death. On this 
account it is known as the anti-neuritic vitamine. In countries 
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where polished rice is used as an almost exclusive food, the fatal 
disease known as ben-ben is very common. Wheat bran con- 
tains this vitamine in great abundance. It is also found most 
abundantly in yeast and yeast extracts. Since vitamine B is 
not readil}^ stored in the body care must be exerted to maintain 
a constant supply of foods containing it. 

Water-soluble C is found in fresh fruit and vegetables, particu- 
larly in the citrous fruits, turnips, cabbage, potatoes and toma- 
toes. Since this vitamine may be destroyed by cooking, the 
importance of using some fresh, uncooked foods daily is readily 
seen. In an acid medium vitamine C remains stable when 
heated. 

It is probable that if food in sufficient amounts and variety is 
taken regularly no special preparations containing vitamines are 
necessary. 

606. Digestion of Foods. Action of the Saliva, The secre- 
tions of the digestive glands owe their power of dissolving 
nutrients to certain complicated chemical compounds known 
as enzymes. The mixed saliva is slightly alkaline; when pure it 
is chiefly water and an enzyme called ptyalin. It acts upon the 
starch to a limited extent, changing it into sugar which is soluble 
in the water of the saliva; the action is better on cooked than on 
raw starch. The chemical action as it occurs, may be repre- 
sented by the equation 

C6Hio05-{-H20 — )• CeHiaOe 

(CgHioOe is maltose.) There is comparatively little action on 
starch in the mouth, for the saliva aids chiefly in swallowing and 
in producing the sensation of taste. 

607. In the Stomach the gastric juice acts upon the food that 
has been swallowed. The gastric juice consists mainly of water, 
holding a solution of about 0.2% of hydrochloric acid and two 
enzymes called pepsin and rennin. Hydrochloric acid neutralizes 
the alkahne saliva and stops its action on the starch. Nor- 
mally about three quarts of gastric juice will be produced in 



CARBOHYDRATES, FATS AND PROTEINS 


419 


twenty-four hours, making about 6 cc. of absolute hydrochloric 
acid. The action of the pepsin is to change the proteins to 
soluble peptone. Pepsin acts only in an acid medium, so that 
the hj^drochloric acid is necessaiy. Peptones are probably 
produced simply for absorption purposes, since they are not 
found in the blood, and when introduced act as a poison. 
Rennin acts on protein of milk, causing it to coagulate as casein, 
thus separating it from the rest of the milk, so that the pepsin 
can act upon it. 

The hydrochloric acid, besides helping the pepsin, destroys the 
germs of fermentation and disease and probably dissolves 
mineral salts, in addition to separating protein from fats and 
starches. The heat of the stomach liquefies the fats and the 
liquid portions aid in dissolving sugar. The mixture, and all 
these substances in the stomach, gives a milky acid called chyme, 
which from time to time is forced into the small intestine. 

608. In the Small Intestine are three digestive fluids — 
the pancreatic juice from the pancreas, the bile from the liver 
and the intestinal juice; these are all alkahne and change the 
acid chyme into alkahne chyle. The pancreatic juice from the 
pancreas has three enzymes: trypsin, amylopsin and steapsin. 
The trypsin is more powerful than the pepsin and acts in an 
alkaline medium, although it may act in a neutral or slightly 
acid medium. This acts upon the protein changing it to soluble 
peptones, but the change is not accompanied by swelling, as 
when the pepsin acts upon proteins. The peptones are here 
prepared for absorption. The amylopsin digests the starch, 
and both in structure and action is practically like the ptyalin 
of the saliva. The steapsin or lipase acts upon fats, producing 
saponification and emulsifying the fats. In saponification the 
fat is first split into glycerin and fatty acids, the latter unites 
with alkalies and alkaline salts to form soluble soaps. In 
emulsifying, the fat is separated into tiny droplets surrounded by 
the fatty acid or alkaline material, preventing a recombination 
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until after absorption, when the droplets recombine to form the 
body fats. 

The bile increases the emulsifying power of the steapsin and 
aids in sphtting the fats. It may help to prevent putrefaction 
and helps to neutralize the acid of the chjnne, causing the pre- 
cipitation and separation of the proteins, so that the trypsin 
can act. 

The intestinal juice, coming from the crypts of Lieberkuhn, 
is a yellowish liquid, with a strong alkaline reaction, which is 
derived from sodium carbonate. This aids in emulsifying the 
fats. There is only a small amount in the upper part of the 
intestine, but it is very abundant in the lower region. It has 
two enzymes, one similar to amylopsin, which aids in converting 
the starch into sugar; the other, invertin, converts the cane 
sugar and other forms of sugar into grape sugar for absorption. 

There are no digestive juices secreted %n the large intestine, 
and any digestion that may occur there, is caused by the digest- 
ive juices coming through, with the food, from the small intes- 
tine. The indigestible substances, such as elastic tissue, 
cellulose, mucin, and various other substances that are of no 
value in nutrition, then pass from the system. 
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ACIDS, ESTERS, WATER AND ASH 

609, Although there are a great many organic acids, only a 
few are of special importance in elementary food chemistry. 
Before beginning the study of this chapter the student should 
review §§270-280, in Chapter 12. There it will be seen that the 
general formula for monobasic organic acids is 

R— C-^OH 

'll 

0 

They may be formed by the oxidation of an aldehyde, the alde- 
hyde being formed by the oxidation of an alcohol. The acids 
differ from the corresponding hydrocarbon by having two ox^^gen 
atoms in place of two hydrogen atoms. The relations between 
the hydrocarbons, alcohols, aldehydes and acids may be seen 
from the following table which show’s the empirical formialas of 
the simplest members of the marsh-gas series: 

Hydrocarbon Alcohol Aldehyde Acid 

Methane, CH4 Methyl, CH4O Formic, CH2O Formic, CH2O2 

Ethane, C2H6 Ethyl, C2H6O Acetic, C2H4O Acetic, C2H4O2, etc. 

In hke manner the other members of the series form corre- 
sponding acids, etc. These acids are known as the fatty acids. 
The low^er members are more strongly acid and are more soluble 
in water, while the higher members are tasteless solids which 
melt to form oily liquids only slightly acid. 

610. Acetic Acid, CH3CO2H, or ethanoic acid, may be pre- 
pared by the oxidation of ethyl alcohol or by the destructive 
distillation of wood. Impure acetic acid is sometimes called 
pyroligneous acid. The acid prepared in either way must be 
purified by passing through charcoal, distilhng and freezing 
which is repeated until a pure acid is obtained. 

421 
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Acetic acid is a cle^r, colorless liquid that boils at 120°. 
It solidifies at 16.7° and is known as glacial acetic acid. Its 
specific gravity is 1.055 at 15° and increases when water is added 
until it reaches 1.075, which gives an acid of about 80 per cent. 
The specific gravity then decreases if more water is added until 
an acid of 43 per cent is reached which has the same specific 
gravity as the pure acid. Glacial acetic acid is a very pure acid, 
occurring as colorless crystals at ordinary cool temperatures, 
but melting to a colorless liquid in a moderately warm room. 
Acetic acid is used extensively in a dilute and usually impure 
form as vinegar which contains from two to six per cent of the 
acid. Vinegar made from cider usually contains many small eel- 
like organisms which are the larvae of a small fly found near 
apples and other fruits. 

Elaborate experiments carried out concerning the action of 
different chemicals upon \dnegar eels show that they resist the 
action of almost all chemicals supposedly fatal to lower forms 
of life in a most remarkable manner and that they live for a 
month or more in some solutions fatal to man. 

611. Of the Other Fatty Acids but little need be said. 
Butyric acid, C3H7CO2H, is found in rancid butter; oenanthylic 
acid, C 6 H 1 SCO 2 H, in butter; caprylic acid, C7H15CO2H, in butter 
and cheese; capric acid, C9H19CO2H, in limburger cheese; 
palmitic acid, C 15 H 31 CO 2 H, in butter and tallow; stearic acid, 
C17H35CO2H, in tallow and lard; medullic acid, C20H41CO2H, in 
ox marrow and beef fat; cerotic acid, C 26 H 53 CO 2 H, in beeswax, 
etc. The boiling point of the normal acids gradually rises. 

612. In the Aromatic Series of Hydroxy Acids, CnHsn-eOs, 
one of the best known is salicylic acid, 

yOH 

CrHfiOa or C6H4\ 

^COaH 

also known as ortho-hydroxy-benzoic acid. 

Salicylic Add forms needles that melt at 156°. It is a powerful 
antiseptic, resembling phenic acid, but is without the disagree- 
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able odor and highly poisonous nature of the phenic acid. It 
IS used as an antiseptic in foods, etc., and is objectionable not 
so much on account of its poisonous nature as its interference 
with the digestion. When heated salicylic acid decomposes into 
phenic acid and carbon dioxide. A solution of salicylic acid gives 
a deep blue or violet color w’hen ferric chloride solution is added. 
This serves as a test for the acid. Among the salts of salicylic 
acid may be noticed sodium salicjdate which is used as a remedy 
for rheumatism and appendicitis. 

The other acids common in foods belong to different organic 
series, but the different structural formulas will not be given. 

613. Tartaric Acid or dihydi-oxysuccinic acid, C 4 H 6 O 6 or 
(CH 0 H) 2 .(C 02 H) 2 , occurs -widely distributed in fruits, some- 
times free and sometimes combined as potassium or calcium 
tartrate. Tartaric acid may be made by oxidizing sugar of 
milk -with nitric acid or by oxidizing cane sugar, starch, glucose, 
etc. It may be prepared from ^^argoF^ which is the impure potas- 
sium acid tartrate deposited in wine casks. The argol is first 
treated with chalk to form the calcium salt and then -with sul- 
phuric acid. The ordinary tartaric acid crystallizes in large 
monoclinic prisms, easily soluble in water and alcohol. 

614. Citric Acid C 6 H 8 O 7 .H 2 O is found in such fruits as 
lemons, currants, raspberries, gooseberries, etc. The acid is 
prepared from lemon juice by treating with hme and sulphuric 
acid. The yield is about 5.5 per cent. Citric acid crystallizes in 
rhombic prisms easily soluble in water. The salts of citric acid 
are citrates of which there are three varieties, depending upon 
the number of hydrogen atoms replaced by the metal, there 
being three that are replaceable. 

616, Gallic Acid, CyHeOs occurs in sumac, Chinese tea, 
etc. It may be prepared by boiling tannin or tannic acid with 
dilute sulphuric acid. It is soluble in water and w^hen ferric 
chloride is added gives a blue-black precipitate which dissolves 
in excess to a dark green solution. 
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616. Tannic Acid, C 14 H 10 O 9 , occurs in gall nuts, oak bark, 
tea leaves, etc. It is an amorphous powder soluble in water. 
When ferric chloride is added iron tannate is formed and is blue- 
black in color. Tannic acid is used in making ink and in tanning. 

Esters 

617. Esters are derivatives of acids in which the hydrogen 
of the carboxyl group, CO2H, has been replaced by some hydro- 
carbon radical, such as CH3, C2H5, CsHs, etc. Thus acetic acid 
has the formula CH3CO2H, while the formula for ethyl acetate 
is CH3CO2C2H5. Here it may be seen that the ethyl radical, 
C 2 H 5 , has replaced the last H in the formula for the acid. 

In the earlier developments of organic chemistry the esters 
were commonly spoken of as ^hompound ethers, and the names 
acetic ether, ^^methylsahcylic ether,’’ etc., are still occasion- 
ally employed. 

In structure the esters are salts of the acids, and it is often 
convenient to name them in that manner, but they differ from 
acids very greatly in the degree of ionization, salts ionizing to a 
high degree and reacting rapidly, while esters ionize very 
slightly and react slowly. 

Many esters are formed in the various fruits that are com- 
monly used. They are also made in the laboratory and are used 
very extensively in the preparation of artificial fruit flavors for 
soda fountains, etc. The following table shows how some of the 
best known artificial flavors are prepared commercially: 
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618. Table of Artificial Flavors for Soda Water, etc. 


Use hy 
weight parts 
xndicaied 
below 
— > 

to make 

i 

1 


J 

•C 



■e 

*5 

£ 


C 

Amyl butyrate 

Amylvalcra/e | 

1 

-c 

Ethyl butyrate 1 

Ethyl formate |{ 

1 

1 

Ethyl nitrate 1 1 

Ethyl oenantbaie 

Ethyl atbacate 

Ethyl stieeinale 

1 

~ 

s 

1 

(hi of lemon jl 

(hi of orange |{ 

I 

§ 

1 

5 

5 

Apple 

1 





2 


1 

I 



10! 




1 


1 

i 


4 




Cherry 


1 







5 



h 





1 

1 


3 




Peach 






2 

2 


5 



1 


5 




r 


5 



5 

Plum 





* 

5 



5 





2 

1 




i 


S 



4 

Currant 


1 

1 

1 

4 

I 

1 

5 




1 







~r 






Raspberry 





5 

1 



|5 


1 


1 

1 

I 


1 

I 1 

i 

4 : 




Pineapple 






1 


1 


r 

10 



5 

i 

i i 

1 5 1 1 

1 


Grape 




3 

5 

2 


2 







2 



10 

I 

1 


10 




Strawberry 


i 

j 






5 

3 

2 



5 

1 

1 

1 




2 




Orange 




j 

1 

2' 


2 

5 

1 



1 

1 i 

1 

1 



1 

... 

10 



10 


Lemon 




1 

10 

2 


1 

10 
1 








1 



! 5 

10 



Banana j 










5 




5 











Apricot 





1: 


2 

1 



1 



10 




1 

1 

5 

4 




Blackberry 

1 

2 







101 




5 






1 




_2 



In all the formulas dilute alcohol is used as the solvent A red color is produced by the use of aniline 
dy^. A neutral blue is produced by caramel. Boric, sahcjlic and oxalic acids are used as preservatives. 
The substances used should be added one at a time and shaken until thoroughly mixed 


As a substitute for alcohol in preparing extract, flavors, etc. 
the essential oils may be dissolved in the higher alcohols, such 
as isopropyl alcohol, or in ethylene or propylene glycol. 

Water 

619. Nearly all foods contain a larger or smaller percentage 
of water. The percentage is determined by mincing or grating 
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10 grams of the food to be examined. It is then heated in a 
weighed dish on a water bath for several hours, cooled and 
weighed. It should then be heated again for about 45 minutes, 
cooled and weighed ; and the process repeated until two consecu- 
tive w’eights are the same. 


Mineral Matter 


620. Varying amounts of mineral matter are found in nearly 
all foods. Some, such as lard, olive oil, cane sugar, etc., contain 
no mineral matter. When food is thoroughly burned, after 
drying and charring, the white, insoluble ash represents the 
mineral matter. The common mineral substances found in 
foods, and the average amount required per day by an adult 
are shown in the following table: 


Phosphoric acid, P2O5 
Sulphuric acid as SO3 . 
Potassium oxide, K2O 
Sodium oxide, Na^O . . 
Calcium oxide, CaO 
Magnesium oxide, MgO 
Iron, Fe 

Chlorme, Cl. ... 


grams 

3 to 4 

2 to 3 5 
2 to 3 

4 to 6 

0 7 to 1 0 
0 3 to 0 5 
0 006 to 0 012 
6 to 8 


621. Charts prepared by C. F. Langworthy, and pubhshed 
by the Umted States Department of Agriculture, show the 
various constants of different food materials as seen in the 
following table: 
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Nmne of the food 
material 

I 

Pro- 

tein 

Fat 

Carho- i 
hy- ‘ 
drates 

Ash 

! 

S 

{ 

W aferl 

1 

1 

Fuel 
value 
in cal- 
ories 
per Ih. 

Apple 

0 

4 

0 

5 s 

14 

2 ' 

0 

3 1 

84 6 

290 

Bacon 

9 

4 

67 

4 1 



4 

4 

IS S 

3030 

Beef suet . . 

4 

7 

81 

8 1 


; 

0 

3 

13 2 

3510 

Butter 

1 

0 

So 

0 1 



3 

0 

11 0 

3410 

Buckwheat. 

10 

0 

2 

2 

73 

2 1 

2 

0 

12 6 

1600 

Beefsteak . 

18 

6 

IS. 

0 



1 

0 ; 

til 9 ! 

1130 

Buttermilk 

3 

0 

0 

5 

4 

S i 

0 

1 

91 0 

160 

Bean, fresh shelled 

9 

4 

0 

6 

29 

1 

2 

0 

5S.9 

740 

Bean, green string 

2 

3 

0 

3 

7 

4 1 

0 

8 

89 2 

195 

Bean, navy 

22 

5 

1 

8 

59 

6 i 

3 

5 

12 6 

1600 

Banana 

1 

3 

0 

6 

22 

0 

0 

8 

75 3 

460 

Codfish, fresh 

12 

8 

0 

4 



1 

2 

82 6 

325 

Codfish, salt 

21 

5 

0 

3 



24 

< 

.53 5 

410 

Corn, dried 

10 

0 

4 

3 

73 

4, 

1 

5 

10 s 

1800 

Corn, green . . 

3 

1 

1 

1 

19 

7 

0 

7 

; 75 4 ! 

500 

Corn bread 

7 

9 

4 

7 

46 

3 

2 

2 

38 9 1 

1205 

Cream cheese 

25 

9 

33 

7 

2 

4 

3 

S 

34 2 I 

! 1950 

Cottage cheese 

20 

9 

1 

0 

4 

3 

1 

8 

72 0 : 

510 

Cream 

2 

5 

18 

5 

4 

5 

0 

5 

74 0 

865 

Candy stick 





96 

5 

0 

5 

3.0 

1785 

Celery 

1 

1 



3 

4 

1 

0 

94 5 

85 

Chestnut .... 

10 

7 

7 

0 

74 

2 

2 

2 

5 9 

1875 

Cocoanut, dried 

6 

3 

57 

4 

31 

5 

1 

3 

3.5 

3125 

Dried beef ... 

30 

0 

6 

6 


* j 

9 

1 

54 3 

840 

Egg, whole 

14 

8 

10 

5 



1 

0 

73.7 

700 

Egg, white 

13 

0 

0 

2 

i 


, 0 

6 

86 2 

265 

Egg, yolk 

16 

1 

33 

3 



j 1 

1 

49 5 

1608 

Fig, dried 

4 

3 

0 

3 

74 

2 

2 

4 

IS S 

1475 

Fruit, canned . . 

1 

1 

0 

1 

21 

1 

! 0 

5 

77 2 

415 

Grapes 

1 

3 

1 

6 


2 

1 0 

5 

77 4 

‘450 

Grape juice, unfermented. . 

0 

2 



1 7 

4 

0 

2 

92 2 

150 

Herring, smoked 

36 

4 

15 

8 

1 

1 


13 

2 

34 6 

1355 

Honey 

0 

4 



i 

2 

0 

2 

IS 2 

1520 

Jelly, fruit ... 





1 78 

3 

0 

7 

21 0 

1455 

Lard 



100 

0 

1 





4080 
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Name of the food 
material 

! 

1 

1 

Pro- 

tein 

Fat 

Carbo- 

hy- 

drates 

Ash ! 

Water 

Fuel 
value 
in cal- 
ories 
'per lb 

Lamb chop i 

17 

6 

28 

3 



1 

0 

53 

1 

1540 

Mackerel 

18 

3 

7 

1 



1 

2 

73 

4 

645 

Macaroni . 

3 

0 

1 

5^ 

15 

8 

1 

3 

78 

4 

415 

Milk, whole 

3 

3 

4 

0 1 

5 

0 

0 

7 

87 

0 

310 

Milk, skimmed 

3 

4 

0 

3 

5 

1 

0 

7 

90 

5 

165 

Molasses 

2 

4 



69 

3 

3 

2 

25 

1 

1290 

Oat 

11 

8 

5 

0 

69 

2 

3 

0 

11 

0 

: 1720 

Olive oil 



100 

0 







1 4080 

Oyster 

6 

2 

1 

2 

' 3 

7 

2 

0 

86 

9 

235 

Omon 

1 

6 

0 

3 

1 9 

9 

0 

6 

87 

6 

225 

Pork chop 

16 

9 

30 

1 



1 

0 

52 

0 

1580 

Parsnip . 

1 

6 

0 

5 

! 13 

5 

1 

4 

83 

0 

230 

Potato 

2 

2 

0 

1 

18 

4 

1 

0 

78 

3 

385 

Peanut 

25 

8 

38 

6 

22 

4 

2 

0 

9 

2 

2500 

Peanut butter 

;29 

3 

46 

5 

17 

1 

5 

0 

2 

1 

2825 

Rye . 

12 

2 

1 

5 

73 

9 

1 

9 

10 

5 

1750 

Rice 

8 

0 

2 

0 

77 

0 

1 

0 

12 

0 

1720 

Rolled oats, cooked . 

2 

8 

0 

5 

11 

5 

0 

7 

84 

5 

285 

Raisins . , 

2 

6 

3 

3 

76 

1 

3 

4 

14 

6 

1605 

Smoked ham 

16 

1 

38 

8 



4 

8 

40 

3 

i940 

Sugar granulated 





100 

0 





1860 

Sugar, maple ... 





82 

8 

0 

9 

16 

3 

1540 

Strawberry 

1 

0 

0 

6 

7 

4 

0 

6 

90, 

.4 

180 

Toasted bread 

11 

5 

1 

6 

61 

2 

1 

7 

24 

0 

1420 

Wheat. . . . . 

1 12 

2 

1 

7 

73 

7 

1 

8 

10 

6 

1750 

White bread . 

9 

2 

1 

3 

53 

1 

1 

1 

1 35 

3 

1215 

Whole wheat bread 

9 

7 

0 

9 

1 49 

7 

! 1 

3 

1 38 

4 

1 1140 

Walnut . 

16 

6 

63 

4 

16 

1 

1 1 

4 

2 

5 

3285 
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622. The following table shows a brief list of some of the 
foods that are rich in iron, phosphorus and calcium, showing 
the percentages of iron, phosphorus pentoxide and calcium 
oxide: 


Foodt Etch in Iron 


Foods Rich m Phosphorus 

Foods Rich tn Cdctum 


Beans, dried .. . 

0070 

Cheese 

1 45 

Cheese . 1 

.1 

Peas, dried . . 

0056 

Beans, dried 

1 14 

Figs . 

.299 

Wheat entire . 

0053 

Cocoa . , 

1 10 

Cauliflower 

.17 

Beef, 

0038 

Peas, dried. 

91 

Milk 

.188 

Oatmeal . . . . 

0036 

Wheat . 

902 

Cocoa 

.14 

Figs, dried . . . 

0032 

Chocolate . . 

90 

Peas, dried 

.14 

Spinach 

0032 

Oatmeal 

872 

Oatmeal . . 

.13 

Eggs 

0030 

Walnuts 

77 

Walnuts 

.108 

Dates 

0030 

Chicken 

58 

Celery . . 

.10 


0029 

Beef 

.50 

Dates 

.10 

Cocoa 

.0024 

Pork 

.45 

Eggs 

.093 

Walnuts 

0021 

Halibut 

40 

Spinach . 

.090 

Peas, fresh 

0016 

Bread, whole wheat 

40 

Turnips 

.089 

Bread, whole wheat . . 

0015 

Eggs . 

37 

Carrots 

.077 

Grapes 

0013 

Rgs . 

332 

Cabbage 

.068 

Potatoes ... 

0013 

Peas, fresh. 

26 

Wheat 

.061 

Cabbage 

0011 

Prunes 

25 

Oanges 

.06 

Lettuce ... 

0010 

Com, sweet 

22 

Prun^ 

.06 

Asparagus 

.0010 

Bread, white 

.20 

Lemons 

.05 

Rice 

0009 

Potatoes 

14 

Lettuce 

.05 



Cauliflower . . 

.. .14 
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FLOUR, BREAD, LEAVENING AGENTS, SPICES, FLAVOR- 
ING EXTRACTS AND BEVERAGES 

623. Importance of Wheat in the Diet. In the course of 
400 dietary studies made by the Office of Experiment Stations 
it has been found that wheat flour and other wheat products 
supply 20% of the total food used in the United States, and that 
this constitutes 30% of the total protein, 5% of the total fats, 
and 42% of the total carbohydrates. 

624. Flours From Other Grains. Corn, rye, barley, oats, 
rice, millet, etc., are also used as flour or meal in varying 
amounts, but in the United States wheat flour is the most 
important in bread making, and as they are all very sinailar, a 
study of wheat will enable the student to understand the prin- 
ciples of production from the other varieties. As a class cereals 
contain about 10% of protein, 60 to 80% of carbohydrates and a 
small proportion of fats and mineral matter. 

626. The Wheat Kernel. A kernel of wheat is a small .oval 
seed, consisting largely of starch cells and gluten forming protein, 
surrounded by six layers, the inner one — the cereal or aleurone 
layer^ — forming with the starch cells the endosperm. (Fig. 153.) 

The starch is in the form of 
grains, embedded in a network 
of protoplasmic material, sev- 
eral hundred grains forming a 
starch cell, while 10,000,000 
to 20,000,000 grains are found 
in a single kernel of wheat. 
The aleurone layer constitutes about 8% of the entire weight 
of the kernel. Surrounding the aleurone layer are five layers 
known as bran, constituting about 5% of the entire kernel. 



Fig. 153 Wheat Structure. 
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The outer three layers of the bran are called the skin; the fourth 
contains the greater part of the coloring matter, and is called 
the testa; the fifth is a thin membrane separating the testa and 
the aleurone layer. At the lower end of the grain, almost sur- 
rounded by the endosperm, is the embryo or germ, whose cells 
contain a large proportion of fat. The cellulose is more 
abundant and more woody in the outer parts of the grain and 
is less digestible than the softer inner portions. 

626. Grinding. In modern, high roller grinding, the 
grain is screened, cleaned and treated with heat and moisture, 
called tempering, so that the bian may be entirely removed at 
one grinding. The bran is removed and the stock is then run 
through five or six pairs of rollers, each pair set a little nearer 
together than the last. Each grinding is called a ‘^break.’^ 
After each “break” the fine flour is sifted out and the leavings, 
known as “middlings,” are ground and sifted several times. 
Careful millers grind as near the aleurone layer as possible and 
leave as much of the germ in the flour as is consistent with 
good color. 

627. Grades of Flour. There are numerous grades of flour 
but those generally recognized are “patent,” “clear,” “straight,” 
and “red dog,” the patent and clear being often divided into 
first and second quahty. 

Patent Flour is the best flour obtainable, and is made from 
the purified middlings of the first break, varying from 55 to 
75% of the entire wheat, and averaging about 65%. It contains 
the smallest percentage of ash — about 0,42 to 0.43%. Bleached 
straight or clear flour may raise the percentage of the so-called 
patent to 85 or 90% of the entire grain. 

Clear Flour, consisting of a mixture of odds and ends, and 
while usually made from low grade middlings and breaks, 
frequently contains the finest quality of middling stock from the 
tail of the mill. It constitutes 15 to 30% of the entire grain, 
averaging 25 to 27%. The ash content varies from 0.80 to 
1.75%. 
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Straight Flour contains all of the wheat fit for hximan consump- 
tion, red dog being usually omitted. Straight flour averages 
0.50% ash. It may be a mixture of patent and first clear. It 
is harder to ferment, takes longer, and makes a runny dough, 
yielding a coarse undeveloped loaf with a coarse, dry, hard, 
tough crust. 

Red Dog constitutes from 3 to 5% of the entire gram. It is 
about 3.5% ash and is essentially a stock food. 

Graham Flour is really wheat meal containing aU of the grain. 
The wheat is cleaned and ground between a single set of rollers. 
Its ash content is about 1.72%. 

Whole Wheat Flour or entire wheat flour, is often made by 
removing part of the bran and grinding the remainder, but much 
of it is said to be a mixture of patent, middling and low grade 
flours, with considerable of the germ. It is finer than graham, 
but not as fine as white flours. The ash varies from 1.02 to 
1.60%. 

Blended Flours. If two grades of flour, or better, two grades 
of wheat are mixed before grinding, the resulting flour is called 
a blend. 

628. Grades of Wheat. Wheat varies considerably in 
quality for making flour, depending upon several factors — the 
soil, climatic conditions, and kind of seed being the most 
important causes of variation. 

Hard Wheat is rich in gluten of a strong tenacious character, 
while soft wheat contains less gluten and proportionately more 
starch. Wheat sowed in the fall is known as winter wheat, while 
that sowed in the spring is called spring wheat, giving rise to 
further varieties, depending upon the place where the wheat is 
grown, as Minnesota hard Scotch Fife spring wheats Oklahoma 
hard winter wheat, Oregon soft winter wheat, etc. 

Durum Wheats, introduced from Russia, are spring wheats, 
closely related to the common varieties, but differing in the size 
and the character of the plant and grain. The grains are larger, 
and as the name indicates, are very hard. The grains are clear 
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amber in color instead of being reddish, like the common winter 
and spring varieties. It grows rapidly and vigorously, resists 
drouth and disease, and matures early. About 87.5% of the 
durum wheat grown in the United States comes from North 
and South Dakota; about 7% from Minnesota and the rest from 
scattered localities through the West. The durum wheats have 
a more crude protein, and make a stickier dough, harder to 
handle; but the dough holds moisture better, and having a 
greater absorptive power, yields more loaves to the barrel than 
the common varieties. 

Hard and Soft Wheats, The gluten of all hard wheats will 
take a larger proportion of water and will make larger loaves, but 
the bread made from soft wheats is usually considered to have 
a finer flavor. Flours are classed as “strong^’ or ^'weak^' accord- 
ing to their proportion of gluten, 

629. Wheat Gluten. The gluten of wheat is not a simple 
protein compound but contains glutenin and gliadin. In dif- 
ferent flours the proportion of gluten varies and also the pro- 
portion of the glutenin to the gliadin in the gluten. The gliadin 
is a sort of plant gelatin which binds the flour particles together 
in the dough, givingittenacityandadhesiveness. Theglutenin 
is the material to which the gliadin adheres. If the gliadin is 
in excess the dough is soft and sticky; if deficient in quantity, 
it lacks the power to expand. 

630. Relation of Gluten and Starch. Extensive experiments 
carried on at the Minnesota Experiment Station indicate 
(1), that it is the gluten, rather than the starch content, that 
determines the bread making power of flour; (2) that an abnor- 
mally large amount of gluten does not yield a correspondingly 
large loaf; (3) that if the ghadin was removed, either in whole 
or in part, the dough was not sticky, but felt like putty, and 
broke in the same way. The loaf, when placed in the oven, at 
first expanded a little, then broke and decreased in size. When 
baked it was about half the size of a loaf made from an equal 
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amount of normal flour and was decidedly inferior. It wa^ 
about as heav^^ as an equal volume of rubber. 

631. Bread. Bread contains all of the substances used as 
food but is deficient in fat, hence the logical use of butter. It 
digests slowly, and is therefore satisfying. Bread contains 
only a few ingredients, but the chemical processes involved are 
long and complicated. Essentially bread is composed of flour 
and water, or potato w^ater, a little salt, with or without a leaven- 
ing agent, usually using two or three parts of flour to one of 
water. For fancy varieties, other ingredients are added, such 
as eggs, sugar, cmnamon, nuts, raisins, currants, etc. 

Straight Doughy or offhand dough, is made by mixing all of 
the ingredients at one time, then setting the mass in a wwm 
place to rise for ten hours or more before baking. It requires 
more yeast and a stronger flour, and needs a longer time to rise, 
but gives an unusually large yield in bread. 

Sponge Dough is made by stirring yeast and a httle strong 
flour into water or potato water, setting the mixture in a warm 
place to rise for eight or ten hours, then thoroughly mixing the 
sponge with the remainder of the flour, which may be a weaker 
flour than that used in the sponge, since no great pressure will 
come upon the gluten. Salt is added near the end of the mixing 
to check any lactic or butyric fermentations that may occur. 
It also improves the flavor of the bread, and exerts a toughening 
and binding effect upon the gluten. Sponge dough requires two 
short kneadings in soft dough, instead of one long one in stiff 
dough, and the bread has better keeping qualities. After the 
second kneading the bread is made into loaves, allowed to rise 
until practically double the original size, and then baked. 

632. Baking. The heat of the oven should not be too great, 
especially at first or the crust will harden too quickly and 
the interior will not be baked before the crust is thick and 
dark, and the latter will be hfted up by the expanding gas 
forming great holes. Too rapid formation of the crust may 
be prevented by moistening the tops of the loaves, or by spread 
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ing a little butter over the top of the loaf. For ordinary pur- 
poses the temperature should be from 205® to 260® C. (400® to 
500° F .) . For large loaves the temperature should be lower than 
for small ones to insure the baking of the inner portions before 
the crust is too hard. Bread dough expands because of the 
formation of carbon dioxide in the dough, either from the action 
of yeast upon the soluble carbohydrates of the dough, or by the 
action of baking powder. 

633, Wild Yeast and its Action. If fresh bread dough is 
allowed to stand in the air for a considerable time yeast cells 
will fall into it from the air and eventually cause it to sour and 
rise. If a httle of this sour dough is kept and added to the next 
batch of fresh bread, the action is rapid. The process may thus 
be made continuous, but it is not used except for black bread, 
yeast being preferred for white. 

634. Fermentation may be produced by yeast, or by enzymes. 
The latter are not living organisms but are produced by living 
organisms. Saliva contains an enzyme called ptyalin. When 
mixed with food it changes starch into a form of sugar, making 
it more easily digested. Hence the necessity of thorough masti- 
cation. In grains is an enzyme, called diastase, capable of pro- 
ducing a similar effect upon starch in much larger quantities. 
Malt is made by sprouting moistened barley, and the diastase 
of the malt can change more starch into sugar and dextrin than 
is contained in the malt, so one part of malt is added to five 
parts of boiled, mashed rye or barley and all of the starch in 
both grain and malt is changed. This mixture of malt and mash 
is known as wort. 

636. Action of Yeast on Wort. Some yeast is then added to 
the wort and the temperature is kept at 30° C. Much new 
yeast is formed and is carried to the top by a stream of carbon 
dioxide. The yeast is skimmed off and passed through a hair 
sieve floating in water in a barrel. The impurities remain in the 
water, and the yeast gradually settles to the bottom. The water 
is changed several times until at last the yeast is like a muddy 
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deposit. Since it is hard to separate the yeast from the water 
starch is often added to absorb the water and the mixture is 
made into cakes and sold as compressed yeast. Dry yeast, 
compressed in modern presses, contains no starch. 

636. Action of Yeast on Sugar. When the yeast acts upon 
sugar, alcoholic fermentation is produced and carbon dioxide is 
formed. 

CsHx20.->2C,H50H-{-2C0, T 

The sugar is found in and is produced from the starchy 
material of the flour. The carbohydrates of the flour are about 
1% sucrose, and a little rafinose, which are converted into dex- 
trose by the enzyme, invertase, in the yeast before fermentation. 
In time enough alcohol is formed to kill the yeast plant, which is 
a small round or oval body, reproducing either by budding or 
by spores. (See Fig. 154.) Sugar is consumed and the presence 
of oxygen and nitrogen seems to give the best development to the 
plant. In the growth of yeast cells the buds cling to the parent 
for a short time and then separate and become parents in turn. 

Under favorable conditions 
each forms a new cell once in 
about twenty minutes. A single 
cell of yeast separated from all 
other organisms and allowed 
to grow in complete isolation, 
will yield a yeast having all 
the characteristics of the 
original yeast, and is known 
as a pure culture yeast. After 
alcoholic fermentation ceases 
in the bread, lactic and butyric 
Salt stops fermentation, and it 
is therefore added to the bread, but not until near the end of the 
kneading, otherwise the alcoholic fermentation will stop too 
soon. 



fermentations are apt to occur. 
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Tooth paste or powder containing yeast is now on the market. 
It contains about 45 % of yeast. 

637 . Baking Powder. If baking powder is used no alcohol 
is formed in the bread, but carbon dioxide and certain salts are 
produced. The action of the carbon dioxide in raising the 
bread is the same whether it is obtained from alcoholic f ernienta- 
tion or from baking powder, but the taste of the bread is dif- 
ferent. Baking powder consists usually of sodium bicarbonate 
mixed with an acid, or an acid salt, which decomposes the bicar- 
bonate in the presence of water, setting carbon dioxide free. 

638 . Classification of Baking Powders. Baking powders 
are divided into several classes, according to the kind of acid or 
acid salt used to decompose the bicarbonate. 

Tartrate Powders use either potassium bitartrate, KHC4H4O6, 
or tartaric acid, H2C4H4O6. 

Phosphate Powders use sodium acid phosphate, iSra2HP04, 
potassium acid phosphate, K 2 HPO 4 , or calcium acid phosphate, 
CaHP04. 

Alum Powders use some form of alum. By using alum the 
bread is made whiter, but as alum is considered a harmful 
ingredient owing to its poisonous properties, its use is pro- 
hibited in some states. If used at all, potassium alum is not as 
objectionable as the cheaper ammonium and sodium alums. 

Tartrate and Phosphate Powders are not objectionable, except 
that with potassium bitartrate the reaction with sodium bicar- 
bonate produces potassium sodium tartrate, KNaC4H406, 
commonly called Rochelle salt or Siegnette salt, which acts as a 
laxative. There are some advantages in using potassium bitar- 
trate instead of tartaric acid, since the former is less soluble in 
cold water. The carbon dioxide is, therefore, formed more 
slowly and the dough can be kept longer. The tartrate powders 
show no tendency to darken the bread as is the case ’when the 
different acid phosphates are used, though otherwise these are 
very good substitutes for the tartrates. 

Magnesium carbonate, MgCOs? is sometimes used instead of 
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sodium bicarbonate. Ammonium carbonate, (NH 4 ) 2 C 03 , is 
also used in ver^’’ light pastry, but it requires expert handling 
and is but little used. 

A Drying Agent, such as starch, or some kind of flour, is 
usually added to absorb any moisture that would otherwise 
cause a reaction and waste materials. 

639. The Chemical Action of Baking Powders. The follow- 
ing equation shows the chemical reaction when potassium 
bitartrate is used with baking soda. 

KHC 4 H 4 O 6 +NaHC03-^KNaC4H406 4-H,0 +CO 2 T 
potassium sodium potassium water carbon 
bitartrate bicarbonate sodium tar- dioxide 

trate (Rochelle 
salt) 

When alum is used the reaction may be represented by 
KoAlo(S04)4+6NaHC03-^K2S04+2Al(OH)-5-f3Na2S04+6C02 T 
alum sodium potassium aluminum sodium carbon 
bicarbonate sulphate hydroxide sulphate dioxide 

Sodium or ammonium alums are usually substituted because 
the}" are cheaper. 

When calcium phosphate is used the residue is sodium calcium 
phosphate : 

CaHP 04 d-NaHCOa ~^NaCaP 04 +H 2 O -hCO, T 
calcium sodium sodium water carbon 

phosphate bicarbonate calcium dioxide 

phosphate 

Sour milk, which contains lactic acid, HC3H5O3, also reacts 
with sodium bicarbonate. It is frequently used and the equa- 
tion for the reaction is 

HCsHeOj+NaHCOs-^NaCaHsOs+E^O-f-CO.t 

lactic acid sodium sodium water carbon 

bicarbonate lactate dioxide 

For the best results in baking at least 3.5 grams of carbon 
dioxide should be liberated for each kilogram of flour used. 
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Calcium carbonate should be used in baking powder only when 
^ no other calcium salts are used. Free sulphuric acid should not 
test more than 0.1%. If the baking powder is alkaline the 
alkalinity should not be more than 1%. Mineral fillers must 
not be used. 

640. The following table shows the composition of several 
baking powders: 


J Baking Powder Sample 

1 

.4. ad Material 

Source of 
Carbon Ihoxide 

Drying Agent 

Tartaric Acul 

Potassium 

Bi tartrate 

Sodium acid 
Phosphate 

Potassium acid 
Sulphate 

Calcium acid 
Phosphate 

Ammonium 

Carbonate 

Sodium 

Bicarbonate 

Magnesium 

Carbonate 

Parma 

3 

-5 

1 

sr 

Potato Flour 

1 

6 






2 


1 5 





2 

14 






16 

6 

12 





3 


2H 





m 



4 




4 




3 



1 



1 




5 

5 

15 





20 




40 



6 



20 


20 


25 





35 


7 


2 





1 





1 1 


8 



UH 




7 





3 5 i 


9 


60 




1 

28 



16 




10 

I 






1 







11 

35 


1 



56 







( 100 


641. Adulteration of Flour. Various seeds may become 
mixed with the wheat, such as the cockel and darnel, or if the 
wheat is kept in a damp place it moulds and other fungus 
growths occur. Other grains are often added intentionally to 
cheapen the cost of production. These are usually rye, corn, 
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rice, potato starch, and meal from peas and beans. Sometimes 
alum, borax, chalk or magnesium carbonate is added but when 
this is done it is usually the fault of the baker instead of the 
miller. 

642. Bleaching of Flour. There are several processes for 
bleaching flour, but they are all substantially the same, smce 
they all make use of nitric oxide to produce the tetroxide which 
acts upon the fat of the flour. Nitric oxide is the same however 
made and has the same properties *and exerts the same effects 
upon the flour and the bread. 

The Ahop Process, which is probably the best known, uses 
two electrodes which are made to approach and recede by a 
mechanical device, while a heavy current is passed through 
them. This produces a flaming arc which acts upon a current of 
air that is forced through the tube, causing part of the nitrogen 
and oxygen to combine and form nitric oxide, N2O2, or NO. 
This gas reacts with the oxygen of the air to form nitrogen te- 
troxide, N2O4, or NO2, which remains mixed with the air. The 
modified air is forced into the presence of the flour, which is 
being continuously passed through a revolving reel or agitator. 

The Williams Process passes the current through two elec- 
trodes in a cell containing nitric acid, and the fumes are blown 
into the agitator. 

The Naylor and Girard Process obtains the nitric oxide by 
feeding a No. 4 galvanized wire into nitric acid and the fumes 
are utilized in the same way as in the other processes, the differ- 
ence being in the method used to obtain the gas, 

643. Action of the Gas on the Flour. Since the flour 
averages from 10 to 12% water the nitrogen tetroxide reacts 
with the water and forms equivalent amounts of nitric and 
nitrous acids 

2NO2 +H2O HNO3+HNO2 

The acids further react with the flour forming nitrates, nitrites, 
and other nitrite reacting material, known as nitroso and 
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diazo compounds, poisonous, and dangerous to handle in quan- 
tity in the laboratory. Chemical combination probably occurs 
because experiments show that it is impossible to get back more 
than 10 to 14% of the amount of gas added to the flour and that 
this amount becomes less as the time increases. 

644. Natiiral Whitening. Flour left for two or three months 
naturally becomes whiter and improves in flavor and in the 
quality of the gluten. When flour is bleached the gluten is said 
to be less elastic, thus lowering the quality of the flour for bread 
making. 

Although man}^ claim that moderate bleaching produces no 
harmful effects on flour, all agree that bleaching makes it pos- 
sible for a miller to sell straights and clears as patent flour. 
Bran specks are not bleached. Some experimenters say that 
flour exposed to the air for a few days will take up enough nitrites 
from the air to react the same as bleached flour. 

645. Nitric Acid poured upon bread, wiU, if sufficiently con- 
centrated, produce a yellow color, the same as when poured 
upon the skin, known as the xantho-proteic reaction. It is said 
that the color of the flour is found chiefly in the oil, and that it 
is a double color — orange and yellow, and that the nitrogen 
tetroxide reacts first with the orange, and then with the yellow, 
but that if the reaction continues too long, the yellow color is 
restored, until it is more than it was at first, and that if the action 
is still continued the color finally becomes a dark orange. 

646. Effect of Nitrites. Nitrogen tetroxide is a dangerous 
gas to inhale. It produces constipation and interferes with the 
absorption. The red corpuscles of the blood gradually become 
rusty, forming methemoglobin, so that they no longer carry 
ox;^’'gen, producing anemia, chlorosis, and death. It affects 
the w^alls of the heart and blood vessels, weakens the heart action 
and lowers the blood pressure. Nitrites are sometimes pre- 
scribed medicinally for this purpose. Since the action of nitrites 
and other' drugs is modified by the general health it is not sur- 
prising to find that some state that large doses of nitrites taken 
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internally did not affect the blood so that even with the spectro- 
scope they were unable to detect methemoglobin in the blood 
stream. It is also claimed by the advocates of bleaching that the 
urea will effectively destroy the nitrites as taken in food, so that 
they declare bleached flour to be perfectly harmless. 

647. Good Bread Flour. The exact quality of flour can be 
determined only by very complicated chemical tests, but the 
following description of a good bread flour, as given in Farmers^ 
Bulletin No. 389, U. S. Dept, of Agriculture will help. In 
general housewives prefer flour that is white with a faint yellow 
tinge. After being pressed in the hand it should fall loosely 
apart ; if it stays in lumps it has too much moisture in it. When 
rubbed between the fingers it should not feel too smooth and 
powdery, but its individual particles should be vaguely dis- 
tinguishable. When put between the teeth it should ^‘crunch” 
a little. Its taste should be sweet and nutty, without a suspicion 
of acidity. 

648. Losses in Bread Making. There is always more or 
less loss of material in bread making. With care this may be as 
low as 1.5% but may be as high as 8 to 10% if handled carelessly 
in mixing and molding. Moreover, some of the carbohydrates 
are used by the yeast plants, and the alcohol and some of the 
fats are vaporized in the process of baking. 

649. Imperfections in Bread. Heavy Bread. The gluten 
is too weak or there is too much water in proportion to the 
flour; too little or too poor yeast, insufficient kneading, rising 
or baking. 

The Crumb Breaks. The flour was dry and harsh, not suffi- 
ciently-fermented, or the dough was overworked. 

Large Irregular Holes. The bread was over-kneaded or over- 
raised, or if near the crust the oven was too hot. 

Sticky or Slimy Bread. If the bread in three or four days 
changes to a light brown color and takes on a peculiar taste and 
odor it is due to the common potato bacillus, entering when the 
bread is made, and surviving the heat of baking. 
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Mould. A minute plant, similar to yeast, falls from the air 
upon the bread, and grows in damp weather. 

Sour Bread. This is due to lactic or but\Tic fermentation, 
caused by lack of cleanliness or to too many bacteria in yeast 
which had a chance to grow by letting the bread stand too long 
after the yeast ceased to work 

650. Other Flours. R\"e has less gluten than wheat, while 
barley, oats and corn have none. Whole wheat and graham 
flours have more mineral matter, but probably it is not of the 
same value as the mineral matter of the inner part of the wheat. 
Although experiments show that the protein of these flours is 
not more digestible, as often claimed, the use of these flours 
at least gives a pleasing variety to the diet. 

651. Value of Spices in the Diet. While the nutritive value 
of spices is very slight they stimulate the appetite and increase 
the flow" of the digestive fluids, theieby stimulating the digestive 
organs, so that the food is more thoroughly digested. It is 
w"ell known that good food, w"ell cooked, properly seasoned and 
attractively served in pleasant surroundings tends to arouse the 
appetite, stimulates the flow of the digestive juices and increases 
their strength. 

652. Common Spices and Condiments. The common 
spices and condiments are usually of vegetable origin, and are 
derived from the buds, flowers, fruits, seeds, bark or roots of the 
plants used. The flavor they impart is due largely to the 
presence of volatile oils, and while spices are usually not pleasant 
to eat separately, they are valuable additions to the diet when 
added in small quantities to food, one or more being used accord- 
ing to individual taste. 

663. Allspice, known as Pimenta, and Jamaica pepper, is 
obtained from the dried nearly ripe fruit of the Pimenta oftci- 
nalisj found in the East Indies, West Indies, Central and South 
America. It contains volatile oil, resin, tannin, fixed oil, sugar 
and gum. To be considered pure, allspice must contain not less 
than 8% of quercitannic acid; not more than 6% of total ash, 
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not more than 0.5% of ash insoluble in hydrochloric acid, and 
not more than 25% of crude fiber. 

664. Anise, or aniseed, is the fruit of the Pimpmella anisum^ 
found in Western Asia, and Egypt, and cultivated in Southern 
Europe, India and the United States. It contains volatile oil, 
resin and fixed oil. 

665. Bay leaf is the dried leaf of the Laurus nobths, and is 
also called sweet bay, bay, noble laurel and bayberry. It is 
found in the Mediterranean region and is cultivated in Mexico. 
The leaves are from 2 to 4 inches long, smooth, with an aromatic 
odor and a pungent taste due to the volatile oil. The fruit 
contains a fixed oil also. 

666. Caraway is the dried fruit of the Carum Carvi, found in 
Europe and Central and Western Asia, and cultivated in 
England, Russia, United States, etc. Caraway contains volatile 
and fatty oils, resin, sugar, tannin and mucilage. 

667. Cayenne and Red Peppers. Red pepper is the red, 
dried, ripe fruit of any species of Capsicum. 

Cayenne pepper, called also African pepper, Chillies and 
bird pepper, is the dried ripe fruit of the small species of Cap- 
sicum. The fruit has a hot, pungent taste. It contains fixed 
oils, capsaicin, C 9 Hi 402 , capsacutin, C39H54N3O7, capsicin, cap- 
sicol, capsicine, oleic, stearic and palmitic acids and coloring 
matter. To be pure there should be not less than 15% of non- 
volatile ether extract; not more than 6.5% of total ash ; not more 
than 0.5% of ash insoluble in hydrochloric acid; not more than 
1.5% of starch; and not more than 28% of crude fiber. 

Paprika is the dried ripe fruit of the large species of Capsicum, 
excluding seeds and stems, 

668* Celery, or apium, is the dried fruit of the Apium 
graviolens. The seeds are about 1 /25 inch long, ovate, flattened, 
brown and smooth, containing volatile oil and fixed oil. 

669. Cinnamon and Cassia. Cinnamon is the dried bark of 
any species of the genus Cinnamomum from which the outer 
layers may or may not have been removed. True cinnamon is 
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the dried inner bark of Cinnamomum zeylanicum^ while cassia 
is the dried bark of other species. Cassia buds are the dried 
immature fruit, and ground ciimamon or ground cassia, is a 
powder consisting of cinnamon, cassia, or cassia buds, or a mix- 
ture of these spices, and contains not more than 6% of total ash 
and not more than 2% of sand. Cinnamon bark is obtained in 
the form of quills of varying length, 1/25 inch or more in thick- 
ness, nearly deprived of its corky layer. The color is yellowish 
brown, and when the quill is broken the fracture is nearly 
smooth. Cinnamon has a fragrant odor and a sweet aromatic 
taste. The constituents of cinnamon are ethereal oil, cinnamic 
aldehyde, tannin, mucilage and sugar. Ceylon cinnamon has 
long closely rolled quills of eight or more layers, of the thickness 
of paper, while saigon, found in Anam, and cultivated in Java, 
Sumatra, South America, etc. has quills about 6 inches long, 
2/5 to 3/5 inch in diameter with the bark 1 T2 to 1 '8 inch 
thick. The taste is somewhat more astringent 

660. Cloves are the dried flower buds of the Caryophyllm 
aromaticiiSj which contain not more than 5% of clove steins; 
not less than 10% of volatile ether extract; nor less than 12% 
of quercitannic acid; not more than 8% of total ash; not more 
than 0.5% of ash insoluble in hydrochloric acid, and not more 
than 10% of crude fiber. Cloves are found in Molucca Islands, 
Zanzibar, Sumatra, South America, West Indies, etc. Cloves 
contain ethereal oil, eugenol, C9H8.OCH3.OH, caryophyllin 
C20H32O2, tannin, gum and a tasteless resin. Cloves are some- 
times adulterated with allspice and with exhausted cloves, 
after the oil has been extracted. 

661. Ginger is the washed and dried, or the decorticated and 
dried rhizome of Ztnziber zingiber^ and contains not less than 
42% of starch; not more than 8% of crude fibber; not more 
than 6% of total ash; not more than 1% of lime; and not more 
than 3% of ash insoluble in hydrochloric acid. Ginger contains a 
volatile oil, an acrid resin and gingeroL Limed ginger, or 
bleached ginger, is whole ginger coated with carbonate of lime 
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and contains not more than 10% of ash, not more than 4% of 
carbonate of lime, and conforms in other respects to the stand- 
ard for ginger. 

662. Mace is the dried ariUus of Myrishca fragrans Hout- 
tuyn, and contams not less than 20 nor more than 30% of non- 
volatile ether extract; not more than 3% of total ash; not more 
than 0.5% of ash insoluble in hydrochloric acid, and not more 
than 10% of crude fiber. Mace has a fragrant odor, and con- 
tains volatile oil, fixed oil, resin, sugar, mucilage and proteins. 

663. Mustard Seed is the seed of Sinapis alba (white 
mustard) Brassica nigra Koch (black mustard) or Brasstca 
juncea Cosson (black or brown mustard). White mustard con- 
tains sinapine, sinalbin, myrosin, erucin, erucic acid, fixed oil, 
mucilage, behenic acid and sinapolic acid. Black mustard 
contains sinigrin, KC 10 H 18 NS 2 O 10 , myrosin, sinapine, fixed oil, 
erucic (brassic) acid, behenic acid, sinapolic acid, myronic acid 
or its potassium salt, mucilage and proteins. 

Ground mustard is a powder made from mustard seed, with 
or without the removal of the hulls and a portion of the fixed 
oil, and contains not more than 2.5% of starch and not more 
than 8% of total ash. 

Prepared mustard, German mustard, French Mustard, or 
mustard paste, is a paste composed of a mixture of ground must- 
ard seed or mustard flour, with salt, spices and vinegar, and, 
calculated free from water, fat and salt, contains not more than 
24% of carbohydrates, calculated as starch, determined accord- 
ing to official methods; not more than 12% of crude fiber nor 
less than 35% of protein, derived solely from the materials 
named. 

664. Nutmeg is the dried seed of the Myrishca fragrans 
Houttuyn, deprived of its testa, with or without a thin coating 
of lime, and contains not less than 25% of nonvolatile ether 
extract, not more than 5% of total ash, not more than 0.5% of 
ash insoluble in hydrochloric acid and not more than 10% of 
crude fiber. The chief constituents are volatile and fixed oils. 
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666. Pepper. Black pepper is the dried unripe fruit of the 
Piper nigi'umiound in India, Malabar coast, Philippines, Suma- 
tra, Java, Ceylon, Borneo, etc. It contains volatile oil, piperine, 
C17H19NO3, piperidine, CsHnN, chavicin, fat, proteins and resin. 
Black pepper should contain not less than 6% of nonvolatile 
ether extract, not less than 25% of starch, not more than 7% 
of total ash, not more than 2% of ash insoluble in hydrochloric 
acid, and not more than 15% of crude fiber. One hundred parts 
of the nonvolatile ether extract contain not less than 3.25 parts 
of nitrogen. Ground black pepper is the product made by grind- 
ing the entire berry and contains the several parts of the berry 
in their normal proportions. Black pepper is adulterated, the 
chief adulterants being sand, ash, wheat, capsicum, fruit shells, 
corn products, leguminous starch, pepper shells and dirt, which 
are mixed with the genuine pepper, 

666. White Pepper is the dried mature fruit of the Ptper 
nigrum, from which the outer coating or the outer and inner 
coatings have been removed, and contains not less than 6% 
of nonvolatile ether extract, not less than 50% of starch, not 
more than 4% of total ash, not more than 0.5% of ash insoluble 
in hydrochloric acid, and not more than 5% of crude fiber. 

667. Other Spices, used to a more limited extent are cori- 
ander, cumin seed, dill seed, fennel, horse-radish, saffron, sage, 
savory and thyme, but they will not be described. 

668. Flavoring Extracts may be made from spice oils or 
other vegetable oils, and are used in cakes, candies, and other 
foods that otherwise would lack a pleasing flavor. The most 
commonly used flavors are vanilla and lemon, but anise, cinna- 
mon, clove, almond, rose, orange, sassafras and tonka are also 
used. 

669. Vanilla Extract is made from the vaniUa bean, the fruit 
of an orchid, a parasitic climbing plant, found in most tropical 
countries but the best beans come from Mexico. The pods, 
gathered from May to July, are odorless when picked, the odor 
developing during a process of sweating — fermentation after 
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which they are dried carefully in the sun for about a month or 
m air dried over calcium chloride. The extract is made by 
cutting the beans into small pieces, soaking them in alcohol and 
. adding sugar and water. The flavor of vanilla is due to vanillin, 
a white crystalline substance now made synthetically. From 
4 to 11% of resin is also present, while the vanillin varies from 
1,7 to 2.75%. Vanilla extract may or may not contain sugar or 
glycerine, and contains in 100 cubic centimeters the soluble 
matters from not less than 10 grams of the vanilla bean. From 
0.1 to 0.2% of vanillin should be present, from 2 to 4% of resins 
while if sugar is used it is about 20% and the percentage of the 
alcohol is 40. 

Tonka Beans are found m Guiana, Angostura, etc. The taste 
IS aromatic and somewhat bitter, with a balsamic vanilla-hke 
odor, but this is due to cumarin, instead of vanillin, and is not 
as pleasant or delicate as the true vanilla. However it is often 
substituted for vanilla either in whole or in part since it is con- 
siderably cheaper. The label must read Tonka Extract or 
Tonka and Vanilla Extract since it is illegal to sell the tonka as 
vanilla. 

Artificial Vamlla is also made from vanillin, made syntheti- 
cally, by dissolving the substance in alcohol and sugar, and add- 
ing caramel to color the solution the same as vanilla. Vanillin 
and cumarin are sometimes mixed for the same purpose. 

670. Lemon Extract is made by soaking pieces of lemon peel 
in alcohol, or by dissolving lemon oil in alcohol. The extract 
made from the peel is yellow, but that from the oil is colorless, 
so that it is often colored by adding lemon peel extract, or by 
adding coal-tar or other dyes. Legal lemon extract must con- 
tain not less than 5% of oil of lemon by volume. Sometimes it 
contains more. Lemon oil, made from lemon peel by pressing 
or by soaking in alcohol contains not less than 4% by weight of 
citral. ThisisanaldehydehavingtheformulaCioHisO, thesame 
as for camphor. It is a golden yellow liquid having a strong 
lemon odor, and is often added to oil of lemon used in extracts 
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to fortify the oil. In order to hold 5% of oil of lemon in solution 
there must be 80% alcohol. A 45% alcohol will not dissolve 
any oil but will retain a fairly strong lemon-like odor, so that 
fraudulent extracts may be obtained that contain little or no 
oil, but still smell about the same as lemon. Methyl alcohol is 
sometimes used in place of the more expensive ethyl alcohol, 
but this is illegal, 

671. Names for Artificial and Substitute Flavors. It is the 
purpose of the Government to have all artificial and substitute 
flavors properly labeled. If the flavoring substance is not a 
genuine extract it must be labeled to show that it is not the true 
extract. As illustrations where vanillin or cumarin is used in the 
preparation of vanilla extract the labels should read 'Vanilla 
and vanillin flavor,’^ 'Vanillin and cumarin flavor, "imitation 
vanilla flavor^^ or "vanilla substitute,’^ using the word imitation 
as preferable to artificial. Any artificial or imitation coloring 
must also be stated. 

672. Imitation or Artificial Flavors. A great many of these 
flavors are manufactured, particularly for use in soda water. 
The fundamental basis for these flavors is the series of esters, 
often called compound ethers, to which are added, certain 
organic acids, as found in fruits, chloroform, aldehyde, glycerin 
and occasionally a small amoxmt of fruit oils. The substances 
are added to dilute alcohol one at a time, shaken thoroughly, 
and allowed to stand until the flavor is developed. Aniline dyes 
are sometimes used to color them, caramel being added in some. 
Boric, salicylic and benzoic acids are used as preservatives. 
The table in §618 shows the composition of a number of the 
common imitation flavors. 

673. Other Extracts Used as Flavors. Most of the other 
extracts used as flavors are made in the same manner as lemon. 
The essential oil is added to dilute alcohol or some substitute, 
shaken and allowed to stand until needed. The following per- 
centage of oil by volume must be found in extracts in order to 
be exempt from the charge of fraud. Nutmeg, 2% ; orange, 5% ; 
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peppermint, 3%; rose, 0.4% otto of roses; savory, 0.35%; 
spearmint, 3%; star anise, 3%; basil, 0.1%; marjoram, 1%; 
thyme, 0.2%; wintergreen, 3%. Ginger extract must contain 
in each 100 cubic centimeters the alcohol soluble matter from 
20 grams of ginger. Almond, 1%; anise, 3%; celery seed, 0.3%; 
cassia, 2%; cinnamon, 2%; clove, 2%. More than these 
amounts may be in the extract but no less without being branded 
as adulterated, and the manufacturer is liable to prosecution. 

674. In the Non-alcoholic Extracts, olive, cottonseed or 
neutral lard oil is used in place of the alcohol. The essential 
oil, is heated with about 10 times its weight of olive or other 
oil substitute on a water bath for 30 minutes to a temperature 
of 70° to 80°. It is then strained through felt. When vanillin 
and cumarin are used to make imitation vanilla from 2 to 
2.5% is soluble. Since the oils used act also as shortening, some- 
what less butter or other shortening substance may be used. 

675. Coffee is prepared from the dried, roasted and ground 
seed of Caffea arabica, an evergreen shrub indigenous to North- 
east Africa and Arabia. The yotmg plants are reared in nurseries 
and are transplanted after six months to two years. Fruit is 
produced the fourth year and bearing continues for several 

years. The tree blossoms and 
bears fruit practically the entire 
year. It requires about four months 
for the fruit to ripen. (See Fig. 155.) 

The color of unroasted coffee 
varies from pale yeUow through 
green to slaty gray. The seeds vary 
considerably in size, from 187 of 
Java to 313 of West African being 
required to fill 50 cubic centimeters. 

676. Roasting develops aroma and destroys toughness, but 
unless carefully watched is apt to be either too little, making the 
coffee hard to grind, or too much, bringing out a disagreeable 
flavor. During roasting from 15 to 18% by weight is lost of 



Fig. 155. Coffee, Cross Sec- 
tion and Longitudinal 
Section. 
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which half is water and the rest volatile products derived from 
fat and from sugar which is converted into caramel. Anempy- 
reumatic oily substance known as caffeol is developed which 
gives much of the aroma. The temperature for roasting is a 
little above 200°. After roasting the coffee should be cooled 
rapidly on sieves, through which an air current is passing. Cof- 
fee should not be ground until needed since the essential oil 
escapes rapidly when the seeds are broken. 

677. The Distillation of the Volatile Substances produced 
during roasting gives a watery liquid and a sohd portion. The 
former has been found to contain caffeine, caffeol, acetic acid, 
quinol, methylamine and acetone; the solid portion is chiefly 
palmitic acid. Pyrrol escapes durmg roasting. 

678. Various Analyses of Coffee give the chemical 
composition as gummy matter, 20.6 to 27.4%; caffeine, 0.64 to 
2.21, with an average of 1.16; fat, 14.76 to 21.79; tannic and 
caffetannic acids, 19.5 to 23.1; cellulose, 29.9 to 36.4; ash, 
3.83 to 4.87, averaging 4.41; phosphoric acid, 0.28 to 0.72, 
averaging 0.42; and in some coffees potash, 1.87 to 2.13. Other 
constituents are caffearin, protein, sugar and mineral matter 
in small amounts. 

679. Caffeine, C 5 H(CH 3 ) 3 N 402 , or trimethylxanthine is 
identical with theine, the alkaloid of tea, and is closely related 
to theobromine, or dimethylxanthine, the principal alkaloid of 
cocoa. It is thought that caffeine in coffee occurs as potassium 
caffeinechlorogenate, C32H360i2K2(C8HioN402)2j2H20. When 
pure, caffeine occurs as white silky needles, slightly bitter and 
odorless, and almost insoluble in ether, sparingly soluble in 
water and alcohol, but more soluble in hot water, and more 
soluble in chloroform, by means of which it may be extracted 
from coffee. It is also found in Kola nut, mate or Paraguay 
tea, and to a small extent in cocoa, and gives to these substances 
their exhilarating qualities. Small doses of caffeine stimulate 
the nervous system, the respiration, the vaso-motor centers and 
the reflexes. It stimulates the heart and relaxes the blood 
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vessels. The flow of urine is increased; muscular contraction 
is facilitated and fatigue lessened. Excessive doses produce 
insomnia, nervousness, headache, palpitation and nausea or 
vomiting, and lessen the capacity for mental or muscular work. 
It is sometimes used as a nerve stimulant in cases of nerve 
exhaustion or collapse, and in cases of narcotic poisoning. The 
dose is from 0.1 to 5 grains, i.e. 0.06 to 0.3 gram, and when taken 
in the form of coffee, made by using one tablespoonful to the 
cup, each cup will contain from 134 ^ grains. Hence, while a 

single cup of coffee may do no particular harm, averaging about 
half of a maximum dose, the drinking of two or three cups of 
coffee at a meal is not to be recommended. 

680. The Mineral Matter of coffee, as shown in the ash, 
is composed chiefly of potash, K 2 O, 60 to 63%; magnesia, MgO, 
about 11; lime, CaO, 5 to 7; phosphoric acid, 11.5 to 14; with 
smaller amounts of silica, SiOa; ferric oxide, Fe 203 ; soda, Na 20 , 
sulphuric acid, and chlorine. 

681. Coffee is Adulterated (1) by colormg the damaged 
beans when raw by chrome yellow, yellow ochre, indigo, Prus- 
sian blue, or when roasted, by burnt umber, iron oxide, Venetian 
red, ferruginous earth etc. (2) by glazing with egg albumen 
and glucose or gum, or first by steaming and coating with 
glycerine, palm oil or vaseline to prevent the escape of moisture, 
which may add about 12% to the weight. (3) by the addition 
of chicory, acorns, beet refuse, biscuits, bran, various cereals, 
burnt sugar, dandehon roots, parsnips, peas, beans, turnips, 
coffee husks, cassia seeds, date stones, grape seeds, sawdust, 
vegetable ivory, dust, etc. These may be detected either by the 
microscope, or if boiled in water by the starch test, coffee being 
practically free from starch. The presence of adulterants may 
also be detected by a difference in the specific gravity of the 
solutions made from one part of the substance by weight to 10 
of water. The mixture is boiled for one-half minute, filtered and 
cooled. Coffee thus prepared has a specific gravity of 1.0084 
to 1.0095. Acorns and peas would give a specific gravity test of 
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L0073 while most of the other adulterants yield decoctions 
whose specific gravities vary from L0143 to 1.0163, very much 
higher than coffee. Since chicory is the chief adulterant used 
and the specific gravity of a chicory decoction varies from 
1.0226 to 1.0232 it may easily be detected. If a mixture of 
chicory and coffee is placed on the surface of water in a glass 
the chicory produces streaks colored brownish yellow and sinks, 
Tvhile coffee produces no coloration and nearly all of it floats. 

682. Tea. Black and green teas are not obtamed from 
different plants, but may be taken from the same plant, the 
difference in the final product depending upon the mode of 
preparation, and partly upon the time of gathering the leaves 
and the method of rolling them. Fig. 156 illustrates a tea leaf. 

Green Teas are divided into several classes, of which the 
following varieties are well known: Hysoiiy 
Skin Hyson, and Gunpowder, while among the 
well known Black Teas are Pekoe, Souchong, 

Congou, Bohea, Moning and Oolong. 

Hyson is made from the leaf buds and first 
leaves, picked in April, and when rolled are 
given a spiral twist. Skin Hyson is made 
from inferior leaves and in rolling them tea 
refuse is often enclosed. Gunpowder is a care- 
fully selected Hyson, and is often flavored with 
the sweet scented olive. 

Pekoe is made from the youngest leaves 
and is picked in April. Souchong is the 
strongest of the black teas and is made from 
the largest of the young leaves. Congou is 
made from the younger leaves of the third crop, the leaves being 
older and larger than those used for Souchong. Bohea is made 
from the older leaves of the third crop. Moning and Oolong are 
black teas with a green flavor and are used largely in blends. 

683. In Preparing Green Teas the object is to keep the 
color and to prevent fermentation, so that the leaves are pre- 
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pared as soon after picking as possible and the process is 
finished rapidly. For Black Teas the leaves are dried slowly and 
fermentation is a part of the process. 

In the Chinese Method for Green Teas the leaves are first 
steamed, then dried in the shade. They are then roasted over 
a wood fire in an iron pan for four or five minutes. After rolling 
the leaves they are roasted again, this time over a charcoal fire 
for an hour to an hour and a half, in order to fix the color, which 
gradually becomes brighter. The leaves are then sifted and 
finally given a third roasting for five minutes. The method 
used in Japan is essentially the same with modifications in 
minor details. 

In India the Green Teas are first dried, then roasted with 
stirring at 160° for seven minutes. They are then rolled four 
times and are dried in the sun between consecutive rollings. A 
second roasting at the same temperature follows, after which 
the leaves are beaten in bags. They are then set aside until the 
next day when a third roasting is given, the temperature 
gradually falling from 160° to 120°. after which the leaves are 
sifted and sorted. Ceylon methods are essentially the same 
as those of India. 

684. In Preparing Black Tea the Chinese first wither the 
leaves by out of door exposure for several hours. They are 
tossed, and finally covered with a cloth in the shade or in a 
cool building and allowed to ferment until soft and fragrant. 
The first roasting and rolling are the same as for the green teas. 
The leaves are then exposed out of doors for three hours, and 
are then roasted and rolled in the same manner a second time. 
They are then dried, rolled and sifted and finally dried over a 
slow fire for two hours. 

In India the Black Tea is prepared by first withering the 
leaves, which are then rolled vigorously until the juice begins to 
come out. The leaves are then rolled into balls with the juice 
and are fermented until exactly the right condition is reached, 
after which the balls are broken up and spread out in the sun. 
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The leaves are then dried over a charcoal fire or with hot air 
and sorted. 

686. Compositioii of Tea. The analyses of various kinds 
of tea show that the water extract varies from 38.43 to 49.75% , 
the caffeine from 2.34 to 4.96; the tannin from 7.272 to 14.98; 
the ash soluble in water from 2.76 to 3.70; the ash insoluble in 
water, less the silica, 1.77 to 2.98; the silica, chiefly sand, 0.03 
to 2.74; total mineral matter 5.14 to 8.87; total moisture, 
5.60 to 9.70. 

686. The Amount of Tannin is somewhat less in black 
tea than it is in the green, because of the change of part of the 
tannin to insoluble substances during fermentation. In some 
of the very astringent teas the amount of tannin is considerably 
more than the average amounts just stated, sometimes going 
as high as 42.3%. 

687. The Mineral Matter as found in the ash when tea is 
burned varies from about 5 to 9% but more frequently averages 
from 5 to 7%. It usually averages potash, 38.22%; phosphoric 
acid, 14.55; carbon dioxide 24.30; magnesium oxide, 6,47; 
iron oxide, 4.38, silica, 4.35; lime 4.24; manganous oxide, 1,03; 
chlorine, 0,81; soda, 0.65; sulphuric acid, trace. 

688. The Essential Oil of tea occurs in very small 
amounts. When 440 pounds of fresh leaves were distilled with 
water, one investigator obtained only traces of the oil; but 
when 100 pounds of the rolled and fermented leaves were used, 
3 cubic centimeters of the oil were obtained The oil is yel- 
lowish in color, has a strong odor of tea, and is classed as an 
unsaturated alcohol having the formula CeHuOH. 

689. Nitrogen is present in tea leaves to the extent of 
5.1 to 6.62%, considerably higher than in most leaves. It is 
found in the caffeine and in albuminous bodies. 

A strong decoction of tea frequently becomes turbid on stand- 
ing and cooling and may be covered with a thin membrane. 
This is caused by the separation of caffeine tannate. This will 
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become darker on standing, due probably to an increase of the 
amount of tannin and alteration by oxidation. 

690. Tea Is Adulterated by the addition of other leaves 
such as the ash, beech, birch, chestnut, currant, plum, willow, 
etc. or by adding exhausted tea leaves. Graphite is sometimes 
added to black tea, while indigo, Prussian blue, turmeric, etc. 
may be added to the green. Iron sulphate is sometimes added 
to increase the astringency, and sand to increase the weight. 

691. Cocoa, described with chocolate as a food, (see 
§579) is used as a beverage. The composition of cocoa shows 
fat, alkaloids, albuminoids, starch, tannin, coloring matter and 
mineral matter. 

Cocoa fat, known as cocoa butter or oleum theobromae 
constitutes 45 to 55% of the cocoa. It melts at 28° to 33° and 
becomes solid at 21° to 23°. Its specific gravity varies from 
0.95 to 0.97 at 15°. It is soluble in ether, chloroform, turpen- 
tine and boiling alcohol. Chemically it is a mixture of the 
glycerides of stearic, palmitic, oleic and arachidic acids. It is 
adulterated with cocoanut oil, cotton seed oil, sesame oil, stearin, 
paraffin, tallow, etc. 

692. The Alkaloids of cocoa are theobromine, C5H2(CH3)2- 
N4O2, chemically known as dimethylxanthme and caffeine. 
Theobromine occurs to the extent of 1.5%, and may be obtained 
as white microscopic needles, bitter to the taste. Caffeine is 
found in much smaller quantities, 0.1 to 0.3%. 

The Alhuminoids are divided into several classes (1) non- 
proteins including theobromine, ammonia, amino-compounds; 
(2) digestible albumen, soluble when treated with gastric Juice 
and alkaline pancreatic extract; (3) insoluble and indigestible 
nitrogenous substances. The total albuminoids constitute 
about 17 to 18% of the entire cocoa, from 60 to 80% of the total 
albuminoids being digestible. 

693. Starch occurs in cocoa to the extent of 4 to 5%. 

Tannin occurs in the raw beans, which are nearly white, but 
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is not found in the roasted beans since it is oxidized to cocoa red 
the coloring matter of the finished product. 

The Mineral Matter varies from 2.5 to 4.5%, averaging 
3.6%, in the raw and 3.9% in the roasted beans. 

Cocoa ranks higher than either tea or coffee as a nutritious 
beverage but probably not as high as usually believed. On 
account of the alkaloids and the tannin it should be regarded 
as a stimulating beverage rather than as a true food. As a 
beverage it is usually mixed with milk and sugar and is stirred 
while being brought to a boil. 

694. Soda Water or carbonated water is made by forcing 
carbon dioxide into a tank of water, until the pressure is from 
4 to 10 atmospheres. When the pressure is removed by opening 
the valve, some of the charged water is forced out into the 
glass and the reduced pressure causes the gas to escape forming 
bubbles. Soda water usually contains a syrup, either natural or 
artificial, to give a certain flavor, and may contain ice cream, 
crushed fruits, nuts, etc. With a pure grade of ice cream and 
pure fruit flavors there is nothing especially harmful m the 
beverage. Some of the artificial flavors, however, contain 
substances which, if taken in quantity for any considerable 
period may produce harmful effects. The table in §618 shows 
the composition of the more commonly used artificial flavors. 

695. Alcoholic Beverages. A large number of alcoholic 
beverages are used by many people, as either a stimulant, a 
drink or a food. Concerning the latter use it may be said that 
alcohol stands between sugar or starch and carbon dioxide, the 
final product of the burning of these substances. In compo- 
sition alcohol is simpler than the fats which are oxidized m the 
body, so that alcohol ought to be more easily oxidized than 
fats, and the use of alcohol should effect some saving. Many 
experiments which have been tried to test this theory have, 
however, proven the contrary, and have shown that for people 
in good health alcohol furnishes an extremely small amount of 
nourishment In cases of illness the body may at times be able 
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to oxidize small amounts of alcohol, more easily than it can 
oxidize the ordinary fats so that loss of energy may be stopped 
by the use of a moderate amount of wine or champagne. This 
should, however, be administered by a physician, and should 
not be left to the desires of the patient any more than the use of 
any other dangerous substance. 

Ethyl alcohol, C2H5OH, commonly known as grain alcohol, 
is always obtained from the fermentation of sugar, which may 
be derived from the starch of corn, rye or barley by conversion 
with diastase, or from molasses. 

The grain is groimd, mixed vdth water, and heated. Malt is 
added, the mixture is filtered, and then yeast is added. Fermen- 
tation of the glucose occui’S, producing carbon dioxide and 
alcohol, according to the equation 

C6Hio06->2C0a T -f 2C2H5OH 

The alcohol yield is from 10 to 13%, the rest being water, 
fusel oil, acids, etc., from which the alcohol is removed by frac- 
tional distillation. After two or three distillations a mixture 
containing 96% by weight or 97.4% by volume of alcohol is 
obtained. 

Absolute alcohol is obtained by removing the water. This is 
brought about by the action of dehydrated copper sulphate, or 
barium oxide, the last traces being removed by metalhc sodium. 

Alcohol boils at 78.3° and has a specific gravity of about 
0.794. It burns with a non-luminous flame, depositing no soot, 
and produces about twice as much heat as gasoline. Taken 
internally it lowers the temperature of the body from 0.5 to 2 
degrees. In small amounts it is oxidized, and seems to act as a 
food, but in larger amounts it intoxicates and acts as a poison. 

For many industrial purposes it is sold as denatured alcohol. 
Since January 1, 1907, the use of denatured alcohol has been 
permitted without paying the government tax. The process 
of denaturing consists in adding certain substances to the 
ordinary alcohol which will render it absolutely unfit for 
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drinking purposes. There are about 65 different approved 
formulas for denaturing, the one used depending upoji the 
future uses of the alcohol being treated. Wood alcohol, CH3OH, 
made from the destructive distillation of wood, is often used for 
this purpose. Pyridine, or bone oil, is also used giving a very 
offensive odor. Some formulas call for both, either with or 
without the addition of benzine. 



CHAPTER XXVIII 


PRESERVATION AND DYEING OF FOODS. 

696. Since the law provides that no food or food product 
shall contain substances which lessen the wholesomeness of the 
food or which add any deleterious properties thereto, it has been 
determined that no drug, chemical, or harmful or deleterious 
dye or preservative may be used. 

Substances Permitted as Preservatives. Common salt, sugar, 
wood smoke, potable distilled liquors, vinegar and spices or 
condiments may be used for the preservation of food. A recent 
decision permits the use of sodium benzoate and pending 
further investigation the use of saltpeter and, to a limited 
extent, sulphur dioxide is permitted. 

Substances Not Permitted. Borax, boric acid, salicyhc acid 
and its salts, benzoic acid and its salts, other than sodium ben- 
zoate are considered injurious to health and should not be added 
to food, if the food can be kept without them. 

697. Preserving Foods Without Violating the Law. There 
are a number of methods of preserving foods that are permis- 
sible. One of the oldest and best known is by drying. This 
method is easier in a hot dry climate than elsewhere, since there 
is danger of fermentation and decay in cold, damp climates. 
Preservatives are sometimes added to dried foods, as sulphur 
dioxide to dried fruits. Dried and heated air is also used 
instead of sun drying. In any case sanitary conditions must be 
observed and the food must not be exposed to flies. 

Cold Storage. In cold storage the temperature varies from 
10°C to below freezing. Slight changes m composition and 
flavor are brought about, but the juices remain the same. 
Meats are frozen solid. Fish are frozen sohd, then dipped into 
water and frozen again so that they are encased in ice. When 
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removed from storage meats and fish should be thawed slowly 
so as to keep the fiesh firm. Preserved in this manner meats are 
kept for several months and some are said to keep for years. 
Fruits and vegetables are not frozen, but the temperature is 
kept near 0°C. 

High Temperatures. Temperatures varying from 65® to 
120°C are also used. Heat kills bacteria and this method is 
valuable for milk, fruits, vegetables, meats, etc. The jars in 
which the food is kept should preferably be either glass or 
porcelain, since vegetable and fruit acids dissolve lead, which 
is often found as an adulterant of tin. Only the best grade of 
pure tin should be used in cans for fruits and vegetables and no 
solder should come in contact with the contents of the can. 

Smoking as a Preservative. Although wood smoke contains 
creosote and other substances that would be harmful if taken 
in large amounts, the quantity consumed in smoked foods is 
very small so that no ill effects are observable. The same effect 
can be obtained more rapidly if the food is dipped into a solu- 
tion of p3^roligneous acid, but the flavor is not the same. 

Salt is not a very effective preservative. Salt is used also 
as a condiment and has a food value as well. It is considered 
necessary for most individuals as w^ell as for cattle to consume 
a certain amount of salt. 

Spices. Although spices have preservative powers they can- 
not be used in large enough quantities to preserve foods- Their 
use m chiefly to produce an added taste. Spices stimulate the 
flow of the digestive fluids and thus serve as an aid to digestion. 
See also Chapter 27. 

Sugar ^ in dilute solution permits the rapid growth of bacteria, 
but if the solution is very concentrated the growth is almost 
entirely prevented. For that reason jams and jellies usually 
keep well, and candy vill keep almost indefinitely. 

698. Effect of Chemical Preservatives on Food. Chemical 
preservatives do not prevent the growth of bacteria, but retard 
only certain kinds, namely those producing a bad odor and taste, 
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while the others are permitted to grow rapidly, so that samples 
of spoiled preserved foods may contain several times as many 
bacteria as spoiled unpreserved foods. The consuming of bac- 
teria is considered harmful and tends to increase the death rate. 
The use of chemical preservatives permits the use of food that 
would otherwise be condemned as unfit for food. The use of 
preservatives does not tend to promote cleanliness and sanitary 
methods of iiandling and storing foods. Examples of the 
pernicious use of chemical preservatives may be seen in the 
handling of tomato pulp, ketchup and liquid eggs. 

699. Fse of Sulphur Dioxide. Sulphur dioxide may be 
used as a preservative if the total amount in the finished prod- 
uct is not more than 350 milligrams per liter in wines, or 350 
milhgrams per kilogram of other food products, of which not 
over 70 may be in a free state. Dried and evaporated fruits 
as analyzed sometimes show from 1400 to 3000 milligrams per 
kilogram. The bright red color of Hamburg steak and some 
sausage is due to sulphur dioxide. Hamburg steak is usually 
made from the trimmings and pieces of stale meat that could 
not otherwise be sold. 

700. Use of Benzoate of Soda, C6H5C02Na. The use of 
sodium benzoate is permitted provided that each container or 
package of such food is plainly labeled to show the presence and 
amount of benzoate of soda. This decision was reached after a 
series of experiments using as a small dose 0.3 gram per day and 
as a large dose as high as 4 grams per day. Since 0.1% is 
sufficient as a preservative, it would require 300 grams of the 
preserved food to yield a small dose of sodium benzoate and 4000 
grams or nearly nine pounds to yield the maximum. The finding 
of the investigators was that the use of sodium benzoate in small 
amounts was not injurious, and that the use of it in large 
quantities, up to 4 grams per day, was not found to exert any 
deleterious effect upon the general health, nor to act as a poison 
in the general acceptation of the term. In some tests there were 
slight modifications of certain physiological processes, tl^e exact 
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significance of the modifications not being known. In general, 
benzoic acid and its salts act the same as salicylic acid and its 
salts, but in a much milder degree. See Food Inspection 
Decision 104. 

701 . Action of Prohibited Preservatives. Borax. The 
continuous taking of even small doses produces a deleterious 
effect. Moderate to large doses cause nephritis. Very large 
doses also cause gastro-enteritis, skin eruptions, visual dis- 
turbances, fall of temperature, collapse and a widespread fatty 
degeneration. 

702 . Salicylic Acid acts as an irritant to the mucous mem- 
branes, and is somewhat corrosive. 

Sodium salicylate is the usual form in which salicylic acid is 
used. Its effects are about the same as those of the acid. On an 
empty stomach it may cause pain, and in large doses may 
produce vomiting. Ringing in the ears, sweating, nausea and an 
increase in the amount of the urine are also produced. Very 
large doses may produce depression of the central nervous 
system, rarely convulsions, a slowing and depression of the 
respiration, and collapse from depression of the circulation. It 
relieves the local symptoms and fever of rheumatism while 
the medication is continued, and is beneficial in threatened 
appendicitis. 

703 . Formaldehyde. A solution containing 1 part of 
formaldehyde in 5000 will prevent the grow'th of many organ- 
isms, and a solution of 1 part in 20,000 to 30,000 prevents the 
multiplication of bacteria. It hardens living tissues and living 
skin, is very irritating and produces disturbances of the di- 
gestion. 

704 . The Use of Dyes. The use of any dye, harmless or 
otherwise, to color or stain a food in a manner whereby damage 
or inferiority is concealed is specifically prohibited by law, 
Certified coal-tar dyes may be used if they do not conceal 
damage or inferiority, but a certificate showing that the dye 
in question has been tested by competent experts and found 
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to be free from harmful constituents must be filed with the 
Secretary of Agriculture and be approved by him. Uncertified 
coal-tar dyes are likely to contain arsenic and other harmful 
material. Each of these colors shall be free from any coloring 
matter other than the one specified and shall not contain any 
contamination due to imperfect or incomplete manufacture. 
A list of permissible dyes may be obtained from Washington. 

Use of Copper Salts, The use of copper salts to produce a 
green color in foods is prohibited by law. Foods thus greened 
are denied entry into the United States, and such foods manu- 
factured, offered for sale or shipped in interstate commerce in 
the United States are considered adulterated. 
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CHAPTER XXIX 


CHEMISTRY OF THE FERTILIZATION OF SOILS 

706. Meaning of the Terms. The subject of fertilization 
of soils deals with (1) the foods required for the growth of 
plants; (2) the analysis of soils, to learn whether these foods 
are present and in what proportion; (3) the analysis of com- 
mercial fertilizers to learn whether they contain the necessary 
foods in the proper proportion; and (4) the correct methods 
of applying the fertilizer to the soil in order to secure the best 
plant growth. In other words the question is how to feed the 
plants in order that they may yield the best returns for the 
money and labor expended upon them. 

706. When Fertilization Is Necessary. If all crops raised 
were fed to cattle and the manure saved and returned to the 
soil, the fertility would be practically unchanged; or if crops 
poor in fertilizing value were exchanged for feed of high ferti- 
lizing value it might even be increased. Where such crops as 
grain, which contain more fertilizing constituents than the 
waste that can be returned to the soil, or where the same crop 
is raised every year, the fertility decreases, producing a decrease 
in the crops, without producing any decrease in the expense of 
seeding or in the labor involved to raise them. 

The chief elements drawn from the soil are potassium, calcium, 
sulphur, phosphorus and nitrogen; other elements such as 
silicon, magnesium, iron, sodium and chlorine are taken up to a 
less degree. The natural weathering of minerals in the ground, 
together with decaying vegetation, usually provide the ele- 
ments necessary to plant life, but by frequent repetition of the 
same crops on the same land, the supply of potassium, phos- 
phorus and nitrogen may be insufiBcient, and become exhausted. 
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The soil becomes less and less productive, and finally the crops 
are a failure. 

To supply the continued dram on the soil, and keep it in a 
fertile condition, fertilizers are used; much more now than 
when the country was new. The natural fertihzers — barnyard 
manure, urine, and decomposing vegetable mould or muck, such 
as straw, cornstalks, etc., were formerly used almost exclu- 
sively. But as the land became worn out resort had to be 
made to artificial fertilizers. 

Different soils require these elements in different proportions 
owing to different formation, or to different management and the 
crops grown, Sandy soil usually lacks all fertilizing elements, 
while clay soil usually contains mineral elements in abundance. 
Soils rich in vegetable matter may lack the mineral matter. 
Limestone soil usually contains phosphoric acid. Fig. 157 
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Fig 157. Plant Constituents. 


diows the plant constituents found in the soil. Water must 
often be applied by irrigation. See Fig. 158. 
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707. Needs of Plants. Different crops need these elements 
in different proportion and unless care is taken to apply the 
right quantity much will be wasted because of excessive 
amounts used. This will be lost entirely unless careful culti- 



Fig 158. An Artesian Well for Irrigation 

vation is applied together with the use of absorbents, followed 
by crops that can take up the excess readily.. For example, 
legumes, as peas, beans, lentils, etc., take nitrogen from the air 
by means of nitrifying bacteria on their roots, and the appli- 
cation of nitrogen as nitrates is unnecessary; clover and alfalfa 
do the same, but grasses and grams cannot do this and have to 
be fed with nitrogen. See Fig. 159. 

708. Artificial Fertilizers are those manorial substances, 
prepared from materials which need some special treatment to 
render them fit for plant food. The chief requisites of a good 
fertilizer are: (1) it must contain at least one substance fit 
for plant food, and this substance must be easily convertible, by 
rain and moisture, to such a form that the plants can easily 
assimilate it; (2) it must be dry and finely powdered, so that 
it will not deteriorate and it may be evenly distributed over the 
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surface of the ground; (3) it must contain nothing injurious to 
plant life; (4) it must be cheap. 

There are three elements from which fertilizers are named. 
These elements are potassium, phosphorus and mtrogen; and we 
have potassium, phosphatic and nitrogenous fertilizers. Al- 
though some fertilizers contain only one or two of these elements, 
and are sold for certain crops^ or for use on particular kinds of 
soil, a complete fertilizer contains all three of the elements 
mentioned. The source and composition of the different kinds 
will be briefly discussed. 

709, Potassium Fertilizers. The four forms of potassium 
fertilizers most commonly used are potassium chloride, potas- 
sium sulphate, kainite and potassium carbonate (wood ashes). 
The formula for kainite is given in various ways, such as 
MgSO 4 .K 2 SO 4 .MgCl 2 . 6 H 2 O, with 15.87% K, or 19^12% K 2 O; 
MgSO 4 .KCl. 3 H 2 O, with 15.65% K, or 18.85% K 2 O; or MgSOi- 
K 2 SO 4 .MgCl 2 .H 2 O, with 18.93% K, or 22 . 8 % K 2 O. 

Potash is a name given to various potassium compounds, and 
applies chiefly to the sulphate or the chloride, although other 
compounds are fully as soluble and are probably as easily 
decomposed for use by the plant. The acid radical combined 
with the potassium has a bearing, how^ever, upon certain forms 
of plant life, the chloride acting unfavorably upon tobacco and 
potatoes while the sulphate and other forms give favorable 
returns. The chloride is somew’hat richer than the sulphate in 
potassium, havmg a little more than 52% when pure, while the 
sulphate imder the same conditions has a little over 44%. 
Actual analysis shows that the salts as used are somewhat lower 
in the percentage of potassium than the figures just given, 
owing to the presence of impurities, such as sodium chloride. 
The double sulphate of potassium and magnesium is sometimes 
used, and contains 26.5% of potassium, though much of it is of 
lower grade. Kainite and sylvanite are crude mine products 
each containing about 12.5% of potassium. Kainite is mined at 
Stassfurt, Germany, and is used in the manufacture of most 



470 


CHEMISTRY IN EVERYDAY LIFE 


fertilizers. The supply of kaimte m these mines is said to be 
inexhaustible. The supply of potassium in other parts of the 
world up to the present time has been quite limited, and to this 
fact Germany's practical monopoly of the potassium fertilizer 
industry is due. Potassium chloride is a manufactured product 
and as sold contains about 45 to 50% of potassium. Potassium 
sulphate is made from kainite, and contains about 45% of 
potassium. Wood ashes contain from 2 to 8% of potash 
which is very soluble and leaches away easily. Wood ashes 
make a valuable fertilizer and should be carefully saved. 

The cutting off of the supply of potash was a serious handicap 
in the growing of crops in the United States and other Alhed 
countries while its increased consumption in Germany and 
Austria aided those countries in the production of food. 

710. The Potash Supply of the World. It has been esti- 
mated that potassium oxide or potash averages 2.98% of the 
entire crust of the earth. Although silicate rocks contain 
potash it is in an insoluble combination and in a form which is 
not available for industrial use. They are generally decomposed 
on exposure to the weather. The potash thus rendered soluble 
is dissolved by ram or ground water and it finally reaches the 
ocean or other drainage basins through the streams or is 
absorbed by clays from the water penetrating them. River 
waters of North America contain an average of 281 parts per 
million of dissolved salts averaging 1.77% potassium. They 
carry annually to the ocean 8,339,800 metric tons of potassium 
and the river waters of the world carry 57,892,000 metric 
tons. The annual precipitation of potassium in insoluble form 
in the ocean is 50,320,000 metric tons leaving an annual net 
gain of potassium by the ocean of 7,662,000 metric tons. The 
total potassium content of the ocean is 510,800,300,000,000 
metric tons. Ocean water contains about 3.3% salts of which 
1.11% is potassium corresponding to 1,38% of K 2 O. The 
largest potassium salt deposits are found in Germany about 
2,000,000,000 tons; Alsace 300,000,000 tons; California 
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20f 000,000 tons and the new found deposits in Africa, with 
smaller deposits in Spain, Galicia, Ab^^ssinia, etc. 

In 1918 the potash bearing materials reported m the United 
States amounted to 207,686 short tons, ha\dng an approximate 
average content of 26.4% K 2 O, equivalent to a total content of 
54,803 short tons of K 2 O. This was 70% more than the amount 
reported in 1917 and represented about 22% of the normal 
consumption which is estmiated about 250,000 tons annually. 
The production came from ten different classes of raw materials. 
Natural brines furnished about 73% of the output ; the Nebraska 
lakes alone contributing about 53%; and Searles Lake, Cali- 
fornia, gave the second largest quantity' from a single source. 
Kelp yielded about 9% of the total production followed by 
smaller contributions from molasses, alanite, cement, dust from 
glass fm-naces, slate rocks, water from beet sugar refineries, 
wood ashes and the water from washing 'wool. The average 
cost to the consumer was §4.11 per unit of potash — that is, 
20 pounds of K 2 O — w'hile the imports fiom Germany during 
the same year amounted to 7,957 tons, costing §1.12 per unit 
The chief imports for use in fertilizers include kainite, manure 
salts, chloride and sulphate, and before the war these consti- 
tuted about 94% of the total potash imports but this dropped 
to 3.3% in 1918. Kainite is the lowest grade material imported. 
It is a double salt containing potassium chloride and mag- 
nesium sulphate with 3 molecules of water of crystallization. 
Theoretically it contains 18.9% of KoO. The product shipped 
is heated with much sodium chloride and is sold under the 
guarantee that it contains a potash content of 12.4%. In 
1913 kainite constituted about 24% of the total potash imports 

711. Manure Salts are essentially mixtures of potassium 
chloride, sodium chloride and magnesium sulphate and are 
low grade fertilizers. Several grades are produced which 
contain from 20 to 30% of potash. Nearly aU material of this 
class, however, comes to the United States as the 20% grade. 
Before the war manure salts constituted about 18% of the 
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potash imported. The chloride fertilizer commonly called 
muriate is a high grade fertilizer contaming about 80% potas- 
sium chloride and 20% sodium chloride and formerly consti- 
tuted about 44% of the total potash imported. 

Potassium sulphate imported usually contains about 90% 
potassium sulphate. It is principally used in fertilizers especially 
for growing tobacco, but is also used in connection with muriate 
in various chemical industries. 

712. The Effect of the World War upon the prices was very 
marked. Before the war the most efficient German mines could 
produce muriate containing approximately 50% of K 2 O at 
about $15.00 a ton and kainite containing a guaranteed mini- 
mum of 12% of K 2 O at less than $2.00 a ton at the mines. 
Shipping and other costs varied from about $3.00 to $4.00 a 
ton. After the embargo of January 30, 1915 placed on the 
exportation of potash salts from Germany, the prices of these 
salts rose rapidly. By the end of the year 80% muriate was 
selling for $500.00 a ton with only a very limited amount 
available. 

For many years practically all the potash imported into this 
country came from Germany. During the war imports from 
various parts of the world represented both accumulated 
stocks and domestic production. At least 20 different countries 
sold potash to the United States during the latter part of the 
war. 

713. Potash Is Used as a fertilizer chiefly in growing cotton, 
potatoes, tobacco, citrous fruit and garden truck. In 1913 
more than 90% of the world^s production was consumed in this 
manner. In the form of refined potassium salts potash is also 
used in the manufacture of soap, glass, matches, explosives, 
fire works, medicine, for extracting gold from its ores, in dyeing, 
tanning, electroplating, photography and as chemical reagents. 
Potassium salts are used to best advantage on light sandy soils, 
humus soils and soils containing lime. Sandy soils should 
have lime added to make them retain the potassium mostly 
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near the surface. Potatoes and beets usually give good ifeturns 
with potassium, but unless the salt is applied several weeks 
before the crop is planted the potatoes will be found to be 
deficient in starch and the beets in sugar. When the chloride is 
used frequentl}^ or in large quantities with lime, calcium 
chloride, CaClo, is formed, both depleting the hme and acting 
as a poison to the plants especially in acid soils, and if kainite 
or other salts rich in chlorine are applied to the soils rich in 
organic matter, as reclaimed swamps and marshes, the results 
are not as satisfactory as with the sulphate. If lime is added 
in this case to counteract the effect of the chlorine, the organic 
matter is oxidized too rapidly. 

714o Potash in the United States. In Searles Lake, Cali- 
fornia, it is estimated that there are 20,000,000 tons of potash 
equal to the normal needs for 100 years. In Nebraska there 
are at least 3,000 deposits covering from 1 to 600 acres each. 
In one county, in Wyoming, it is estimated that there are at least 
200,000,000 tons of leucite rock of 11% pure potash content. 
The existing plants can produce 75,000 tons annually. In 
Western Texas beds of potassium bearing rock, containing 
15.6% of K 2 O, of equal richness of the deposits found in Alsace 
have been discovered while drilling for oil but it is not yet known 
how extensive these beds are. 

715. Phosphate Fertilizers. The phosphate fertilizers are 
nearly always applied to the soil in some form of calcium phos- 
phate derived from the phosphates of calcium, iron or alumi- 
num, and occurs in three forms (1) that which is readily soluble 
in water, and easily used; (2) that which is shghtly soluble in 
water, but still used readily, and known as “reverted^^ phos- 
phoric acid; (3) that which is sparingly soluble and used but 
very little. 

The average amount of phosphate rock used in the United 
States per year is about 2,500,000 long tons. The largest 
deposits are found in Florida, Tennessee, South Carolina and 
Kentucky with smaller amounts in Idaho, Wyoming and Utah. 
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It is also found in varying amounts throughout a large part of 
the earth. These rocks are groimd and treated with sulphuric 
acid, which unites wdth the calcium and makes the insoluble 
phosphates soluble, a form in which it is available to plants. 
Besides the acid phosphate, calcium sulphate is formed thus : 

Ca3(P04)2-h2H2S04 Ca(H2P04)2-i-2CaS04 

The resulting mixture is a fine powder, which is sold as a 
fertilizer under the name ^*acid phosphate’^ or ^^superphosphate 
of lime.’^ It contains about 15 to 20% of soluble phosphorus. 

Superphosphates contain reverted phosphates as well as the 
soluble variet}". When made from bone black and bone ash, 
superphosphates contain about 16% of available phosphoric 
acid and some nitrogen; when made from mineral phosphates, 
about 14% of available phosphoric acid, besides 1 to 3% of the 
reverted and more or less of the insoluble variety. 

Double Superphosphates are made by dissolving rock or bone 
in sulphuric acid containing a large amount of free phosphoric 
acid, so that the final product may contain as high as 40% 
of phosphoric acid. 

716. Phosphatic Slag is another very fruitful source of 
phosphates. This is now used to a considerable extent as a 
fertilizer, especially in Europe and to some extent recently in 
the United States. In the process of making Bessemer steel, 
pig iron from ores containing phosphorus, is treated with lime, 
while a blast of air is forced into the liquid mass. At the high 
temperature of the melted iron, the phosphorus is oxidized to 
phosphorus pentoxide, which combines with the lime. The 
silica, alumina, lime and magnesia unite to form a slag, into 
which the calcium phosphate produced also goes. By proper 
regulation of the charge, a slag containing about 17% of 
pentoxide (P2O5) may be obtained. This slag fertilizer needs 
no further treatment except very fine grinding, but it is slow 
in decomposing, and the full effect is not obtained for two or 
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three years. It decomposes faster than ground phosphate rock, 
however, and has the important advantage of being cheap. 

717. Bone Meal. Fertihzers are largely made from the 
waste products of slaughter houses, such as blood, bits of waste 
meat and other refuse, bones, hoofs, horns and hair. Bones are 
a very good fertilizing material, supplying both nitrogen and 
phosphorus, when used as raw bone — that is, without treatment 
other than grinding. But as a rule bones are extracted and then 
boiled, or extracted with steam under pressure to remove the 
fats and gelatine, after which the residue is ground and used 
directly for fertilizer as bone meal, the fineness of this “meab’ 
having much influence on the rapidity of its decay in the soil. 
Being more spongy and soft, it yields phosphoric acid in a much 
shorter time than the hard ^‘raw bone.^’ The latter contains 
about 22% of phosphoric acid, and 4% of nitrogen. But 
steaming reduces the nitrogen to about 1% while the proportion 
of phosphoric acid is raised to about 27 or 28%. Fine steamed 
bone yields all of its phosphorus in from one to two years, 
while the coarser, fatty, raw bone requires three to four years. 

Raw bone contains on an average 22% of phosphoric acid, 
and about 4% of nitrogen. When boiled or steamed, part of 
the organic matter containing the nitrogen is extracted, reducing 
the nitrogen to 2 or 3% while the phosphoric acid is increased 
to as much as 28%, with an average of about 25%. 

718. Use of Phosphoric Acid. Soluble phosphoric acid 
applied to the soil will unite with certain compounds of lime, 
iron or aluminum, or with some organic compounds and become 
fixed — either as the reverted or insoluble varieties — largely 
near the surface, and prevent the escape of the soluble form, 
thus differing from nitrates. Calcium, which is chemically 
more active than iron and aluminum, unites wdth the phos- 
phoric acid to form tricalcium phosphate, Ca3(P04)2, if calcium 
is present; otherwise iron and aluminum phosphates are formed, 
the former being more available than the latter through sub- 
sequent decay. 
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719, Nitrogen Fertilizers. Nitrogen is the most expensive 
of the three elements used in fertilizers. This is because it is 
difficult to obtain it in a form that may be utilized by the plant, 
since most plants are not able to take it from the air. Nitrogen 
comes in three forms — organic matter, ammonia and nitrates. 

Besides the nitrogen added to the soil by leguminous crops 
and barnyard manure, there are three sources from which the 
nitrogenous fertilizers are supplied, — namely, the slaughter 
houses, mines and artificial compounds of nitrogen made by 
chemical or electrical processes. The slaughter houses supply 
dried blood, tankage and bone meal. Blood is dried at a 
moderate heat and crushed to a powder between rolls. It 
contains about 10% nitrogen and is very uniform in composition. 

720, Nitrogen from Organic Matter. AU plants and 
animals contain nitrogen combined with other elements, and 
their value as a fertilizer depends upon the rapidity of the 
decay and the change of form, since the nitrogen must be 
supplied to the plant in a form that can be used readily. The 
following substances contain nitrogen in abundance, decay 
rapidly, and are very uniform in composition — dried meat, 
dried blood and concentrated tankage from slaughtering houses 
and rendering establishments, dried fish from fish oil and fish 
canning establishments, and cotton seed meal, which is the 
residue obtained after the oil is extracted from the seeds. 
These fertilizers are desirable where rapid and continuous 
feeding is required, and in light open soils, since they do not 
disappear as rapidly as ammonia and nitrates. The decay of the 
organic matter also helps to dissolve some of the mineral matter 
of the soil and to increase the available amount of phosphoric 
acid, potassium and calcium. Phosphoric acid is also furnished 
directly by these substances, more by fish and dried blood, and 
less by meat. Other less desirable sources of nitrogen are leather 
meal, wool waste, felt waste, etc. 

721, Ta nka ge is a substance obtained in the disposal of 
garbage. The garbage, containing fatty matter, is now collected 
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in many cities and subjected to a rendering process. It is put 
into steel digesters and is subjected to the action of steam at a 
pressure of 50 poimds for 8 or 10 hours, and the mass is 
reduced to a soft pulp. It is then put into presses and the oily 
matter pressed out, after which the press cake is broken up and 
dried in revolving steam-heated drums. Upon being powdered 
and sifted, it is used for filler in fertilizers under the name of 
tankage. It contains nitrogen, phosphoric acid and a little 
potash. On cooling, the oily matter forms a soft grease, which 
is used for soap and for candle stock. The water which is 
pressed out of the tankage with the grease contains an appreci- 
able amount of ammonium salts and some potash. It is evapo- 
rated to dryness and the residue is mixed with the tankage, 
thus increasing the nitrogen and potash content of the latter. 
Bone meal has been dealt with in §717. 

Tankage is also made from the waste portions of animals, 
steamed under pressure in tanks for the fatty matter contained 
in them. The amount of nitrogen and phosphorus varies with 
the kind of animal used and the proportion of the various parts. 
Five grades of tankage are sold containing the following per- 
centages of phosphoric acid — 18 to 19; 16; 13 5; 9 and 7. The 
percentage of the nitrogen is less as that of the phosphorus is 
more. It varies from 4 to 13%. 

The approximate composition of the three substances in 
pounds per ton is shown in the following table: 



Nitrogen 

j Phosphorus | 

Potash 

Dried blood . . 

260-280 

j 10- 20 1 

Traces 

Tankage 

80 - 240 

j 30-120 : 

Traces 

Steamed bone meal 

20- 30 

' 560 -600 j 

Traces 


722. Fixation of Nitrogen by Bacteria. All plants require 
nitrogen compounds for food. It is a curious fact, how^ever, 
that while they are surrounded by huge quantities of nitrogen, 
they cannot take it from the air. Growing crops gradually 
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absorb these compounds from the soil and they must be replaced 
to insure a good crop 3 deld. As already stated this may be 
secured by adding artificial fertilizers, but the application of 
these is not always practicable for general farming on account 
of their high cost. It has long been known that some of the 
leguminous plants, such as beans, peas and clover will grow 
well in poor soil, and at the same time leave it with a richer 
nitrogen content. Investigation has shown that certain micro- 
organisms, known as ^^nitrogen fixing bacteria/^ living on 
tubercules on the roots of these plants, (Fig. 159) have the power 



Fig 159. Roots with Nodules, Carmng Nitri- 
fying Bacteria. 

to cause the free nitrogen of the air to combine with other 
elements. These compounds are partly absorbed by the plants 
and the remainder is left in the soil, and thus enriches it. The 
modern farmer makes use of this fact by sowing clover on a 
field, and after removing one or two crops plows a crop under 
in the fall, thus greatly enriching the soil. 
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723. Nitrogen from Ammonia. l^\Tien ammonium com- 
pounds are used as the source of nitrogen the sulphate is almost 
invariably used, since it gives a very concentrated source of 
nitrogen, commercial varieties containing about 20% of nitro- 
gen. The sulphate is readily changed into nitrate in the soil, 
but until it is changed, the nitrogen has the power of combining 
with some of the organic and mineral parts of the soil, and 
because these compounds are able to resist the action of water 
the use of the sulphate is better than the nitrate, particularly 
in Kght open soils, where there is abundant moisture. The SO 4 
radical is not absorbed by the plant and reacts with the moisture 
forming sulphuric acid, increasing the acidity of the soil, which 
must be neutralized by lime. 



724. Nitrogen from Nitrates. Sodium nitrate, NaNOs, is 
chiefly used when nitrates are added as the source of nitrogen, 
but potassium nitrate, KNO3, and calcium nitrate Ca(N 03 ) 2 , 
are also used. Native sodium nitrate is known commercially 
as Chile saltpeter, and contains about 15.5% of nitrogen. It 
is readily soluble and does not form insoluble compounds in the 
soil, and is, therefore, apt to be washed out. If too much is 
applied, or if the vegetation is too thin, the drainage water 
will show the presence of the nitrate when tested. Calcium 
nitrate is coming to be more important since it can be manu- 
factured by the action of nitric acid upon lime. The acid is made 
b> the electrolytic process (see §725) and, since the air from 
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which the nitrogen is derived is inexhaustible, the importance 
of the process is manifest, especially when the amount of 
natural nitrates is constantly diminishing and will eventually 
disappear entirely. 

The reserve supply of Chile saltpeter is estimated to be about 
335,800,000 tons. The content of sodium nitrate varies from 
8 to 45%. The lower percentages are difficult to work and new 
methods will be required to obtain the entire yield. During the 
year ending Jime 30, 1920 the consumption of nitrate was 
about 2,000,000 tons. Over 50% of this was used in the United 
States, The total capacity of the plants furnishing nitrate is 
estimated as about 4,000,000 tons; but probably the actual 
capacity is not more than three-fourths of that amount. The 
average price is now about three cents a pound. 

The existing deposits of sodium nitrate will probably provide 
for all the requirements of the present century. Five hundred 
thousand Kg. of iodine are exported annually as a by-product. 

Natural deposits of potassium nitrate have recently been 
reported as occurring in the northwestern part of Cape Colony 
and Transvaal. It occurs in shale beds covering several hundred 
square miles and is from 10 to 30 feet thick. The nitrate con- 
tent is not less than 3% of the weight of the shale and varies up 
to 30%. Some of the lumps of crude nitrate, vary from 50 to 
90% pure potassium nitrate. 

726. The Fixation of Atmospheric Nitrogen, or the manu- 
facture of nitric acid and nitrates from the elements of the 
atmosphere, water and limestone, was one of the problems 
presented to the chemists a few years ago when it was seen 
that the supply of sodium nitrate, or Chile saltpeter, would be 
exhausted in a few years. There are several processes, differing 
in detail, but all fundamentally the same, viz., the combination 
of the nitrogen and oxygen by means of powerful electric 
sparks. 

The Birkehnd-Eyde Process uses a large alternating current 
disc flame enclosed in a special iron furnace lined with fire clay 
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PI 


Fig, 161. The 
B irkeland-Ey de 
Process of Nitro- 
gen, Fixation. 


bricks. The electrodes are thick copper tubing 2}4 inches in 
diameter, through which water passes to cool them, (Fig. 161) 
and are capable of taking up 1500 horse power, giving a flame 
1.8 meters in diameter. The electrodes 
last from 400 to 500 hours and must then 
be replaced. The temperature produced is 
from 3000° to 3500° and the temperature of 
the escaping gases is from 800° to 1000°. 

From 26,000 to 28,000 liters of air pass 
through each furnace every minute. 

In the Schdnherr Process the arc is pro- 
duced inside an iron tube of comparatively 
small diameter. The lower end of the 
iron tube contains a copper electrode, pierced 
through its axis and cooled with water. 

Through this passes an iron bar which 
can be thrust forward as needed, and which constitutes the 
real electrode. Air passes into the * tube 
through several series of openings situated one 
above the other and regulated with a movable 
sleeve which gives the air a rotary motion. 
The arc bums as steadily as a candle flame. 
The incoming air is heated to 500° by the out- 
going gases. With 750 horse power, 40,000 
cubic feet of air are used per hour, using an 
arc more than 20 feet long. The gases 
leaving the tube contain about 2% nitric 
oxide. See Fig. 162. 

In the Pauling Process the arc is produced 
between two > < shaped electrode. The arc 
Fig. 162. The is produced at the narrowest point, where the 
Schonherr Process distance between the points is about 40 mil- 
limeters. Owing to the heated gases the arc 
Fixation. tends to move upward, but the‘ alternations 
of the current constantly re-form the arc at the lowest point 
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The air, previously heated enters between the electrodes at 
high speed, and broadens the arc to about 1 meter. The gases 
leave at a temperature of 700® to 800® and contain about 1.5% 
nitric oxide. 

The following table shows the comparative yield of the three 
processes : 

Process Grams of HNOz per K. W. Hour Percentage of nitnc oxide 


Pauling 

60 

1-1 5 

Birkeland-Eyde 

70 

2 

Schdnherr 

75 

2 5 


The nitric acid produced by these processes is used chiefly 
for the production of nitrates for fertilizing. Nitrate of lime 
or calcium nitrate is made by the action of the acid upon lime- 
stone, the product varying in color from red-brown to black. 
It contains approximately 13.1% of nitrogen, corresponding 
to 77% Ca(N 03 ) 2 , with 21.5% water, and 1.5% iron oxide, 
aluminum oxide, etc. Other products are sodium nitrite, 
sodium nitrate and ammonium nitrate. 

726, Another Source of Combined Nitrogen is calcium 
cyanamide, or nitrolime, CaCN 2 . It is made by the action of 
nitrogen on calcium carbide at high temperatures, the equation 
being 

CaCs-fNs-^CaCNa-fC 

When this product is treated with hot water or superheated 
steam the nitrogen is split off as ammonia 

CaCN2+3H20~^CaC03 + 2 NH 3 

This is sold for fertilizing under the name of nitrolime. The 
action in the cold soil is probably more complicated than that 
shown, but it is a valuable source of nitrogen. It contains 20 
to 22% of nitrogen. About 60,000 tons are used in the United 
States annually- See Fig. 163. 

Calcium cyanamide may be produced by heating finely 
divided phosphate rock with an excess of carbon to about 1200^, 
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passing producer gas through the mixture to drive ofi the 
phosphorus and to form carbon monoxide in the residue. The 
temperature is then raised to 1500®, more producer gas is passed 
and calcium cyanamide, CaCN 2 , is formed. 


When calcium carbide is mixed 
with a gaseous contact agent such 
as HCl or CCI4 and is heated in the 
presence of nitrogen to form calcium 
cyanamide the presence of the 
contact agent causes the reaction 
to occur at a lower temperature. 

727. Nitric Acid from Air and 
Illuminating Gas. Combined nitro- 
gen may be produced by exploding 
a mixture of air and hydrogen or 
illuminating gas in a bomb holding 
100 liters. Better results are ob- 



tained if some oxygen is added. 163 Cyanamide from 
Without the oxygen from 9 to 12 Calcium Carbide and 

grams of mtric acid may be made 

per cubic meter of exhaust gas. With the oxygen this increases 
to 18 grams. The pressure is 3 to 4 kilograms per square 


centimeter. 

728. In the Bucher Process no electric current is required. 
Soda ash and powdered coke are mixed together and powdered 
iron or iron ore is added as a catalyzer. The mixture is placed 
in a furnace and heated while air is passed over the mixture. 
Sodium cyanide is formed by the combination of the sodium of 
the soda ash, the carbon of the coke and the nitrogen of the 
air. When the waste carbon dioxide from the furnace is passed 
into a solution of the sodium cyanide, urea is formed. This has 
theformulaCON 2 H 4 . Urea has approximately 46.6% of nitrogen 
as against about 16.5% of nitrogen in sodium nitrate and 21.2% 
in ammonium sulphate. Urea is freely soluble and does not 
form acids in the soil. The sodium cyanide may be separated 
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by the electric current into metallic sodium and cyanogen, 
C2N2, the latter product being converted into oxamid, C2O2N2H4, 
by further treatment giving a powder nearly insoluble in water, 
and hence suitable for the slow evolution of nitrogen in the soil, 
the percentage of nitrogen being nearly 32. 

729. In the Serpek Process nitrogen is passed over a heated 
mixture of aluminum oxide and carbon, forming aluminum 
nitride according to the equation 

AlsOs-f 3C-f N 2 2A1N+3CO 

The action begins at about 1100°, is active at 1500°, and 
violent at 1800°. The temperature is not raised above 1850° 
because at about 2000° the nitride begins to decompose. 

730. The Ostwald Process first forms ammonia by passing 
steam over nitroHme as shown m §726. The ammonia, mixed 
with air, is passed over a catalytic agent such as platinum 
covered with platinum black, which theoretically forms nitric 
acid according to the equation 

NH3+2O2 HNO3+H2O 

But usually other products are formed unless great care is 
taken in the process, one reaction being shown by the equation 

4 NH 3 + 3 O 2 2N2H-6H20 

It has been found that a mixture of the oxides of thorium and 
cerium is much cheaper than platinum, and with care will give 
about 90% of the 3deld theoretically obtainable. Nitric acid 
produced by this process in Germany is of such purity that it is 
used in explosives. 

731. Costs and Amounts Used. To produce one metric 
ton of nitrogen from the atmosphere by the various processes, 
the following powers are required: the arc process requires 
60,000 kilowatt hours with no external fuel; the Haber process 
requires 2,700 kilowatt hours and 4,000 kilograms of coke; the 
Serpek process requires 9,700 kilowatt hours and 1,300 kilor 
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grams of coal. The cyanainide process requires 16,900 kilowatt 
hours and no external fuel, except that used for producing the 
calcium carbide. 

In 1920 the total production of combined nitrogen in the 
world Tvas 671,300 tons. Of this amount Germany produced 
420,000 tons from the air and 150,000 tons from by-product 
coke ovens. The British Empire produced only 12,800 tons, all 
in Canada. 

732. Loss of Nitrogen. None of the sources of nitrogen 
can give all of the nitrogen to the plants, since, in addition to 
the loss by rainfall, which may be as high as 50%, denitrifica- 
tion, or the setting free of nitrogen, by certain bacteria, also 
occurs, particularly if very large quantities of horse manure are 
applied with the nitrate. The loss is sometimes all of the nitrate 
applied, and also some of the nitrogen of the soil formed by the 
nitrification of organic nitrogen. Again, ammonium sulphate 
is nitrified in the soil, and part escapes as gaseous nitrogen. 
Organic matter, which has to go through several changes to be 
available, may lose considerable nitrogen, since each change may 
be accompanied by loss. On the other hand the effects of 
nitrogen from ammonia and nitrates are practically all obtained 
the first year, while the effects of organic nitrogen continue for 
two or three seasons. 

733. Sulphur and Borax. Where sulphur is used in ferti- 
lizers it is found to give increased 3 delds, healthier plants, 
greater resistance to dry weather, the lessening or disappearing 
of certain diseases and makes the food materials more accessible. 

Borax exerts a poisoning effect upon crops; as little as 6 
pounds per acre showing signs of poisoning; while 8 to 10 
pounds per acre produced injury to potatoes and 10 pounds 
per acre proved decidedly harmful. 

734. TTigh Grade Fertilizers cannot be made from low grade 
material. Sodium nitrate, ammonium sulphate, dried blood, 
superphosphates and potassium salts are standard products, 
and can be depended upon both as to composition and form. 
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The agricultural value of the soluble forms is greater than that 
of the insoluble forms, especially for immediate returns, but 
even so the application of fertilizer may not lead to profit, for 
if apphed to low value crops the increase m yield may not pay 
for the fertilizer used, while the same applied to high grade 
crops may shoTV a profit. In the best fertilizers the analysis 
will show the nitrogen present as nitrates or anamonia, the 
phosphoric acid as soluble, will show the derivation of the super- 
phosphates, and the kind of potassimn salt present. 

736. Quantity Versus Quality. Fertilizer containing a large 
amount of good material may be worthless as a plant food, 
because it exists in an insoluble form, or is so difficult to decom- 
pose that the final value is small or slowly realized. The 
quality and amount of actual plant food determines the value, 
rather than the relative proportions, though for certain condi- 
tions that, too, is important. Since sodium nitrate furnishes 
about 16% of nitrogen; boneblack superphosphates about 
16.4% of phosphoric acid; potassium chloride 52% of potas- 
sium; potassium sulphate 44.3% of potassium; and potassium 
magnesium sulphate 26.5% of potassium, it is a simple matter to 
compute the number of poimds of nitrogen, phosphoric acid 
and potassium in any mixture when the composition of the 
fertilizer is known. Since these are the active ingredients that 
give the value to the fertilizer as a plant food, anything added 
as a ^^make weight^^ does not add to the agricultural value of the 
fertilizer, but on the contrary reduces the relative amounts of 
the available fertilizing materials. The cost of freight and 
handling in the use of a cheap fertilizer is as great as when a 
good grade is used, and this added to the cost of the active 
ingredients usually makes the actual cost of a cheap fertilizer 
greater than that of a good one for the same fertilizing value. 

736. Home Mixing of Fertilizers. Probably the most 
satisfactory method of using fertilizers where the user under- 
stands the principles of fertilization is to buy the unmixed 
fertilizing material, and then mix it for use, the proportions of 
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the different ingredients used varying with the different soils 
and the needs of the growing crops. 
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CHAPTER XXX 


TEXTILES 

737. The more important textiles — wool, silk, cotton and 
linen are derived from different fibers; wool and silk coming from 
animal fibers ^ cotton and linen from vegetable fibers. Fig. 164 
shows a comparison of these fibers. 

Silk is derived from the 
thread of the silk worm. 
This is made from a fluid 
formed in two glands in the 
body and exuded through 
two openings in the head of 
the caterpillar into a com- 
mon orifice. The viscous 
streams there become coated 
with another secretion 
which flows from two other 
glands and become ce- 
mented together into a 
double strand. On contact 
with air the fiber coagulates. 
This coagulated fiber is 
wound around the cocoon 
which must be killed by 
heat or freezing in order to 
secure an unbroken thread. Mulberry silkworms are the most 
common and 3 field the finest silk. The cocoon weighs from 1 to 3 
grams, and of this 1/6 is silk, of which 3^ can be unwound or 
reeled. The other half is usually combed or carded and after- 
wards spun. 
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738 . Properties of Silk. The diameter of the silk fiber is 
from 0.020 to 0.025 mm., but wild silks may have a diameter 
varying from 0.040 to 0.065 mm. Silk is hygroscopic and loses 
10 to 15% of its weight at 120° owing to loss of water. It is a 
non-conductor of electricity and may be electrified readily by 
friction. The fiber has a high luster and possesses great strength • 
and elasticity. Silk has a central core of protein called fibroin 
constituting 70 to 75% of its weight, coated with another pro- 
tein, the silk gum or sericiriy 20 to 25%. There is also a small 
amount of waxy material and of coloring and mineral matter. 
The sericin may be removed by boiling with soap. The fibroin, 
which is not dissolved in water, is also insoluble in organic sol- 
vents, but is soluble in concentrated solutions of alkaline hydrox- 
ides, in m i neral acids, in ammoniacal solutions of cupric oxide 
and nickel oxide, and in strong solutions of basic zinc chloride. 
The sericin, which is soluble in either a soap solution or in 
warm water, forms a jelly if even 1% is present. Fibroin and 
sericin differ from keratin, the protein of wool, hair, etc, by 
being free from sulphur. 

739 . Artificial Silks are made by several different processes. 
Ghardonnet silk is made by dissolving nitrocellulose in a mixture 
of alcohol and ether, and forcing the solution through very fine 
openings, by means of great pressure, into warm air, the solvent 
being recovered later. It is subsequently denitrated, in order 
to render it less inflammable. This silk is extremely lustrous, 
but lacks strength, having after denitration, only about 
the strength of real silk, or 3^ the strength without denitration. 

The Wynn and Powell method uses a solution of zinc chloride 
as the solvent for the cellulose, the solution being pressed into 
alcohol, which removes the solvent. The cellulose will be pre- 
cipitated as filaments which may be dried and collected. 

The Despeisses'-Pauly method has the cellulose dissolved in 
ammoniacal solutions of copper salts, which are squirted into a 
solvent to remove the cellulose by precipitation. Copper car- 
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bonate in ammonia is used to dissolve the cellulose, and acid or 
alkaline solutions are usually used to precipitate the cellulose. 

Other Methods make use of cellulose thiocarbonates. By 
spontaneous decomposition the cellulose is regenerated from 
such a solution and thrown out in an insoluble condition. This 
may take place immediately in the presence of suitable salts. 

Cellulose esters, such as the acetates and formates, are also 
used but are more expensive. Gelatin and casein are used to 
some extent but not as much as the other materials. 

740. Properties of Artificial Silk. The size of the filaments 
of artificial silk is from 3 to 12 times that of the real silk. The 
moisture content is about the same, but the artificial silks lose 
more strength when wet. The strength is said to be increased by 
treatment with formalin, CH 2 O, which probably condenses the 
cellulose molecule. From 8,000 to 10,000 tons of artificial silk 
are produced annually, while the production of real silk is about 
50,000 tons. 

741. Wool is obtained from sheep, and grows as modified 
hairs. The wool contains a certain amount of wool fat, to pro- 
tect it from mechanical injury and matting, and also dried 
perspiration. The dried perspiration is soluble in water, and 
the mixture of potassium salts that may be recovered in this 
manner is known as sudorate of potash, or potassium sudor ate, 
and of this raw wool contains about 8%. 

Wool fiber is composed of protein, known as keratin, found 
also in hair, horn, whalebone, feathers and egg membrane. The 
average composition of wool keratin is carbon, 51%; hydrogen, 
7%; oxygen, 21%; nitrogen, 17%; sulphur, 4%. Keratin is 
probably a mixture of proteins. Wool contains from 1 to 2% 
of mineral constituents, and scoured wool contains 13 to 14% 
of water. 

742. Properties of Wool. A 5% solution of boiling sodium 
hydroxide dissolves wool very readily, but strong sodium 
hydroxide, having a specific gravity of 1.4 to 1.5, does not dis- 
solve the fiber, but causes it to become white and lustrous. 
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easier to d3^e, and about 30% stronger. This process is known 
as mercerization. and the wnoi is known as mercerized wool. A 
large proportion of the sulphur is removed by the process. Wool 
is completel}’' disintegrated b\" strong mineral acids, but the 
dilute acids have not much effect upon it. Nitric acid causes a 
pei-manent yellow stain to appear, and this is Ivnown as the 
xantho-proteic reaction. (See §135) Sulphuric add does not 
affect wnol, but does destroy cotton and other vegetable fibers, 
thus permitting the quantitative determination of the cotton 
that is often mixed with wool. Wool is only slightly affected by 
dry chlorine, but is decomposed by the moist gas. It absorbs 
chlorine from weak solutions, loses its felting properties, becomes 
unshrinkable and has greater color combmmg powder. 

743. Shoddy or Mungo. Woolen clothes that have been 
worn for some time may have holes here and there, and thin 
spots so that they do not look as 'well as they did when new, 
although there is almost as much wool in them. The old clothing 
is cut to pieces, the stitches are picked out and the pieces of wool 
are then picked to shreds by machines . These woolen shreds are 
woven again into cloth, although the fibers are considerably 
shorter than the original fibers. Most wool is mixed with cotton, 
and as there is a great difference in the ability of these two 
materials to take dyes, (see Chapter 31), the usual mixture is to 
make the warp of cotton and the woof of wool. The wool then 
covers the cotton sufficiently to hide any defects in the dyeing. 
When the clothes are again picked to pieces to make shoddy 
there is usually a great deal of cotton mixed with it and after 
the process has been repeated several times the material is 
useless. The cotton is often removed by a process known as 
carbonizing. The cloth is placed in dilute sulphuric acid which 
acts upon the cellulose of the cotton so that after it is dried at 
about 95® the cotton is disintegrated to a powder and the wool 
is practically unaffected. 

744. Cotton consists of the long hairs covering the seeds of 
the cotton plant, which grows as a shrub or small tree. (See 
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Fig. 165.) The cotton fiber is composed of a single hollow cell, 
and when unripe has the form of a long narrow tube. As it 
matures it becomes more or less flattened and presents the 

appearance of a narrow, some- 
what opaque ribbon or band, 
with slightly thickened round- 
ed edges. The fiber when ripe 
possesses a characteristic twist 
and the number of twists in- 
creases with the fineness of 
the fiber. Long fiber is 134 
inches or more in length, 
medium is 1 inch, and short 
is less than 1 inch. The 
diameter of the fiber varies 
from 0.016 mm. in the fine 
Sea Island cotton to 0.021 mm. 
in the Indian cotton. Fig. 166 
shows a cotton field. 

745. Cotton Consists of 
about 90% cellulose, 7 to 8% 
water, 0.4% wax and oil, 0.6% 
nitrogenous substances and 1% mineral matter, or ash. The 
cotton wax is on the surface of the fibers and prevents the cotton 
from absorbing water readily. The wax is insoluble in water 
and caustic alkalies but is soluble in alcohol and ether. The oil 
of the cotton fiber is identical with the oil from the seeds. 
The ash consists chiefly of the phosphates, chlorides and sul- 
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phates of potassium, sodium, magnesium and calcium, with 
small quantities of iron and traces of aluminum. 

746. Absorbent Cotton is made by boiling the cotton with 
dilute caustic alkalies under pressure to remove the wax and 
oil. It is then washed, treated with bleaching powder, and 
hydrochloric acid, again washed and dried. 
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Mercerized Cotton is made by treating the cotton with strong 
sodium hydroxide. The cotton acquires a silky luster. It is 
kept in a state of tension during treatment, or is allowed to 
shrink in an alkaline solution, and is afterwards stretched to its 
original length. This increases its pow’er to absorb dyes. The 
flattened twisted fiber swells and is converted into the hollow 
cylindrical form. Mercerized cotton may be as high as 50% 
stronger than the unmercenzed. 



Fig. 166 . A Cotton Field 

Cotton is used as cloth, yarn, thread, etc. When treated with 
nitric and sulphuric acids it is made into gun cotton or coUodion 
cotton, the latter forming collodion when dissolved in alcohol 
and ether. It enters into the composition of celluloid and is 
used in other w^ays. 

747. Linen is the product of the flax thread and next to 
cotton is the most important vegetable fiber. The stalks are 
combed to remove the seeds and the iea\'es irom tiie plant. The 
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stalks contain from 20 to 27% of fiber, and the rest is wood, pith, 
etc. They are fermented by steeping, or by treating with acids 
to remove the fiber, and are then washed, dried, and the woody 
portions are removed. The fiber is chiefly cellulose, averaging 
from ^ to inches long, and is about .002 inch in diameter, 
but a large number are united into a fiber bundle, varying from 
two to three feet in length. The impurities average 15 to 30%. 




Fig. 167, Thread Counters; Pocket Type and Laboratory Type. 

Linen is harder to bleach than cotton, but is more lustrous and 
tenacious, and less elastic. It is a better conductor of heat than 
cotton and therefore feels cooler. In general, linen behaves 
the same as cotton. 

Since the cost of fine material is partly dependent upon the 
number of threads to the inch, great care is taken by buyers 
to determine the exact number. A laboratory type of thread 
counter is shown in Fig. 167 and a small pocket type is shown 
above. 
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748 . Of the Other Fibers Used for Fabrics only brief mention 
be given. Cashmere wool is produced by a species of goat of 

Tibet, the fibers ranging up to eighteen inches in length. Mohair 
is derived from the wool of the Angora goat and possesses great 
luster. It is produced chiefly in Turkey and in the Cape of 
Good Hope. Alpaca is derived from the hair of the llama and 
camels^ hair from the hair shed by the camel. Other available 
fibers are hemp, derived from the hemp plant, used chiefly for 
ropes, sacking and canvas; jute from various species of Cor- 
chorus, grown in India, Turkey and Asia Minor, is used for 
carpets and mattmg. Ramie, Rhea, or China Grass, is obtained 
in China, Japan and India, containing about 809c cellulose; 
the fibers being about 1 inch long and varying from .0016 to 
.0032 inch in diameter. It is easy to bleach, but difficult to dye 
without injury to the luster. 

Kapok is a comparatively new vegetable fiber from a plant 
found in the West Indies, South America and the Soudan. The 
threads are a clear yellow, somewhat silky and from 3^ to 
^/i inch in length. They form hollow cylinders with thin walls, 
and since they are filled with air are very hght. Ovring to the 
waxy covering they are water proof, and are used for stuffing 
cushions, making life preservers, etc. The frmts are filled with 
seeds. These are separated from the fibers in special machines. 
The fibers are disintegrated, blown apart, brushed out and then 
heated enough to curl them, so that they may be matted 
together and converted into sheets. 

749 . Fire-proofing of Textiles is often necessary. Various 
formulas have been worked out, the fundamental principle 
being to impregnate the fibers with certain salts that will prevent 
the combustion of the fibers, without injuring the material or 
spoiling its appearance. The goods are either soaked in the 
fire-proofing solutions or are coated by use of a brush as in the 
fire-proofing of stage scenery, etc. The following solutions are 
some that have been used for this purpose: 
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(1) Aminoniura sulphate, 8 parts; ammonium carbonate, 2.5 
parts; boric acid, 3 parts; borax, 1.7 parts; starch, 2.07 parts; 
water, 100 parts. The mixture is boiled until all of the ingre- 
dients have dissolved, and the material to be fire-proofed is 
boiled in the solution, and then dried. 

(2) Boric acid, 5 parts; potassium feldspar, 5 parts; gelatin, 
1.5 parts; paste, 50 parts; water, 100 parts. This is to be applied 
with a brush. 

(3) Equal parts of magnesium chloride, salt, and borax are 
dissolved in a little water to make a concentrated solution. 
It is applied in the same manner as the first solution given, and 
is very effective. 

760. Waterproofing of Fabrics is accomplished by impreg- 
nating the fibers with rubber, rubber substitutes, or mixtures 
of various chemicals. 

An efficient rubber substitute is made from rape or linseed 
oil, treated with sulphur chloride or carbon disulphide. 

Chemical mixtures of various kinds are often very efficient. 
Copper ammonio sulphate will dissolve cellulose or gelatinize it. 
When this is evaporated on the surface of the fabric, a green 
varnish-like mass of cellulose, with copper oxide or a copper salt 
of some feeble acid derived from, and closely akin to, cellulose, 
coats the fibers, welding and cementing them together, and 
making the cloth waterproof. Copper ammonio hydrate alone, 
or with zinc ammonio hydrate makes an effective waterproofing 
material. 

Cloth may be made non-absorbent of water, and hence prac- 
tically waterproof by various other methods. 

One formula is to dissolve 2 ounces of soap, and 4 ounces of 
glue in 1 gallon of water. The cloth should be boiled in this for 
several hours. It is then wrung out nearly dry, and placed in a 
solution of 13 ounces of alum and 15 ounces of salt in 1 gallon of 
water. It is finished by wringing, rinsing and drying. 

Another formula calls for 2 pounds of dextrin, and 1 pound of 
white soap, dissolved in 1.6 gallons of water. The cloth is 
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boiled in this for some time, and is then treated with a second 
saturated alum solution, or one containing 6 pounds of zinc 
sulphate in 9 gallons of water. 

Another method is to saturate the cloth several times alter- 
nately with solutions of aluminum sulphate and lead acetate. 

An invisible waterproofing mixture contains isinglass, alum 
and soap, dissolved in water. This is applied with a brush, and 
should be rubbed in well. When dry it should be brushed on the 
wrong side, rubbing against the grain, then brushed with a little 
water and rubbed down smooth. 
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CHAPTER XXXI 


DYEING OF COTTON, LINEN, SILK AND WOOL 

751 . Dyeing Consists in imparting color to the substance of 
various materials, usually textile fabrics, in such a manner that 
it is not easily removed, or altered, if exposed. In textile printing 
the color is applied to portions of the material only, thus produc- 
ing a pattern, but in other respects the operations are essentially 
the same. While dyeing is of prime importance in the textile 
industry, many other substances may be dyed, such as leather, 
ivory, horn, wood, straw, feathers, etc. 

The Behavior of the Different Materials Toward Dyestuffs 
depends largely upon the nature of the material. In general it 
maybe said that silk and wool, together with other animal prod- 
ucts, behave in a very similar manner, while cotton, linen, and 
other vegetable materials act usually in an entirely different 
manner. Different dyestuffs, also, act in different ways towards 
the same material, so that both the material and the dye must be 
considered in all questions of dyeing. 

Dyeing is often considered to be purely a physical process, 
but in the dyeing of silk and wool it is known that chemical 
action occurs. 

752 . Classification of Coloring Matters. From the practical 
standpoint of the dyer the various coloring matters may be 
divided into (1) mordant dyes; (2) acid-mordant dyes; (3) acid 
dyes; (4) direct dyes; (5) basic dyes; (6) sulphide dyes; 
(7) vat dyes; (8) ingrain dyes. The chemical classification of 
dyes is based upon the presence of certain groups of atoms, upon 
the integrity of which the coloring power of the dye depends, 
the group being known as the chromophor. The structures of 
some of these color groups are shown in Fig, 168. 

498 
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753. Essential Properties of a Dye. A direct dye must 
possess color of considerable intensity and permanence, and 
must be capable of fixation to the fibers without injury to either 
fibers or dyestuff. A mordant dye need not be strongly colored, 
and may even be colorless, the color being developed by the 
mordant. Vat dyes, such as indigo, are usually insoluble in 
water and cannot be applied by ordinary processes, but their 
reduction products are soluble in alkahne solutions, and upon 
this depends the method of application. All dyes must possess 
permanency of color and be able to resist washing, and other 
influences, such as perspiration, strong sunlight, soap, etc. 




Fig 168. Chromophors. 

754. The Dyeing of Wool. A greater variety of colors may 
be applied to wool than to any other kind of fiber. The most 
important dyes for wool are the mordant, acid-mordant, acid 
and direct dyes. In boiling solutions the affinity of wool for 
dyestuffs is greater than that of silk, but below 60 ° the affinity is 
frequently reversed. As a general rule the processes applicable 
to wool are entirely unsuited to cotton and it is possible in mixed 
fabrics to dye the threads of one and leave those of the other 
untouched. Fine wools usually require a larger amount of dye- 
stuff to produce the same shade than the coarser varieties. 
Sometimes the affinity of wool for a dye may be increased by 
the addition of acids, alkalies, or oxidizing agents, such as 
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bleaching powder or hydrogen peroxide, or may be diminished 
by treatment with tannic acid solution or in other ways. 

756. The Dyeing of Silk. In general the dyeing of silk is 
similar to the dyeing of wool, but the colors are usually less per- 
manent. The acid, basic and direct dyes are the ones chiefly 
used, but the mordant and vat dyes may be used, though they 
tend to detract somewhat from the brilliant luster and supple- 
ness on which the beauty of silk depends. The maximum 
absorption usually occurs at 60° to 80° and not at 100° as for 
wool. For dyeing black silk, chestnut extract or other tanning 
matter is used. The silk is dipped first into this solution and 
then into a solution of basic ferric acetate or ferric sulphate, 
and the process repeated until sufficiently weighted, and then 
dyed with logwood extract. Artificial silks are chemically more 
closely connected with cotton, and resemble cotton in dyeing. 
The varieties produced from collodion are dyed more readily 
than cotton or the artificial silks that are produced from cup- 
rammonium or zinc chloride solutions. 

766. The Dyeing of Cotton and Linen. Until 1884 turmeric, 
safflower and annatto were the only dyes that would dye 
directly upon cotton. In that year Congo red was discovered 
and since then there have been prepared a large number of 
synthetic dyestuffs that may be used for direct dyeing on cotton. 
The large class of acid dyes, useful in dyeing wool, cannot be 
used for cotton. Cotton has no affinity for metallic salts, and 
does not become mordanted by boiling in salt solutions. Cotton 
fiber has, however, a strong affinity for tannic acid in solution 
so that by boiling the cotton in tannic acid it may then be possible 
to apply a metallic mordant or basic dyestuffs to the fiber. Vat 
dyes are used for cotton and produce fast colors. The ingrain 
dyes are used almost exclusively on cotton. These dyes are 
produced directly upon the fibers of the cotton by precipitation. 
Mercerized cotton has essentially the same dyeing properties as 
ordinary cotton, but special precautions have to be observed on 
account of its great affinity for the direct dyes. 
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The Dyeing of Linen is similar to the dyeing of cotton but is 
more difficult probably due to the different physical structure 
of the fiber. 

767. Miscellaneous Substances. Jute behaves to a certain 
extent like tannin-mordanted cotton, and may be dyed with the 
ordinary direct dyes, and also with the basic coloring matters 
without the aid of a mordant. Leather resembles wool in its 
dyeing properties, but is more difficult because only luke warm 
solutions may be used, since hot solutions destroy ordinary 
leather, although chrome leather will withstand boiling water. 
The acid and basic dyes are chiefly used, and the mordant dyes 
to some extent. Feathers naturally resist water, owing both to 
their structure and to the grease present, and are, therefore, 
difficult to dye. Feathers behave like wool, and the acid, basic, 
direct or mordant dyes may be used, the reds, browns and blues 
being ordinarily dyed with acid dyes. Dyeing must continue 
for some time at a boiling temperature. Straw is difficult to 
dye on account of the large amount of silica present. It should 
be steeped for several hours in warm water before dyemg, and 
for colors the direct cotton and basic dyes are used, while 
blacks are obtained with logwood and iron. Horn may be dyed 
by the use of strong solutions of acid dyes ; ivory by both acid 
and basic dyes; and wood by direct and basic dyes. Different 
methods of treatment have to be used according to the material. 

768. The following table shows the common mordants and 
their uses: 
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Basic Mordants 


Mordant 

With Cotton 

With Wool 

With Silk 

ChTomxum SaUs 

Potassium 

dichromate 

KsCTjOt 

or 

Sodium 

dichromate 

NaiCrjO? 

Not used as mordants 
May be used to develop 
color by oxidation 

Such chromium salts as 
chrome alum, chromium 
bisulphite, chromium acet- 
ate, or sodium chromite 
may be used 

Use a 3% solution Add 
5%HC1,6% 
tartaric acid, or 1 to 2% 
formic acid to produce 
brighter colors Boil for 1 
to 1 hours 

Not generally used with 
silk, but if used, tartaric 
acid must be added, but 
not HjSOi, nor is it used 
alone. 

Aluminum Salts 

Alummum 

sulphate 

A1i(S04)3 ISHjO 
or 

Alum 

K-AUfS04U24H"0 

Goods are soaked, dried 
then passed through hot 
solution of sodium phos- 
phate, arsenate or silicate, 
or ammonium carbonate 
Or impregnate cotton with 
cold neutralized sulphated 
oil or tannic acid 
and steep in aluminum i 
acetate or basic aluminum 
sulphate Basie aluminum 1 
acetate also used, since the 
more basic the aluminum 
salts, the more readily do 
their solutions precipitate 
by heating or by diluting 
with water 

Use an 8 to 10% solution 
with 3 moles of potassium 
bitartrateto 1 mole of the 
aluminum salt Boil 1 to 
1J4 hours; or use more 
expensive aluminum tar- 
trate Sometimes oxalic 
acid or potassium binoxal- 
ate 18 used to add to the 
effect of the alummum 
salt 

Boil with dilute alumi- 
num sulphate, or steep 
for 24 hours in concen- 
trated solution Then 
wash 

Iron Salts 

Ferric sulphate 
Fe*(S04)j 

Usually a solution of some 
cold tannin matter is used 
first, then material is 
passed through a dilute 
solution of ferrous acetate, 
aulphate or nitrate The 
cotton may alternately be 
impregnated with ferrous 
or ferric acetate, dried, and 
exposed to a warm moist 
atmosphere and finally 
fixed by passing through a 
hot solution of sodium 
phosphate 

A 7% solution with 4% 
potassium binoxalate, but 
not often used 


Basic Ferric 
sulphate, 

Fe4(S04)s (OH), 



1 Steep in solution ha\ mg 
a sp gr of 1 25 for 1 
hour. Squeeze and 
wash Repeat 7 or 8 
times Then boil m old 
soap bath and wash 

Tin Salts 

Statmous chloride 
SnCIi 
or 

Stamuc chloride 

SnCh 

Steep with a tannm, e g 
sumac, for three hours 
squeeze and steep in stan- 
nic chloride (sp gr 1 02) 
for 1 hour and wash 

Boil in a solution of stan- 
nous chloride using 6% of 
the amount of the wool 
and 6 to 10% potassium 
bitartrate An excess 
gives harshness 

Treat the same as wool 
or steep in a solution of 
stannic chloride for 
several hours. 


Acid Mohdants 


SOS 


Mordant 

With Cotton 

With Wool 

With Silk 

Tanmc Acid 

Gall nuts, sumac, for 
light colors 

Myrobalans, divi-divi 
quebracho and chest- 
nut for dark colors 

Tannic acid m a cold solu- 
tion IS absorbed by cotton, 
and if the cotton is im- 
mersed in a solution of a 
basic coloring matter the 
tannin combines with the 
base and a colored lake is 
formed Better results if 
the cloth IS passed through 
a solution of tartar emetic 
or stannic chloride, fixing 

1 the acid, gmng tin or anti- 
mony tannate both of 
which have great attrac- 
tion for the coloring mat- 
ter, forming almost insol- 
uble double tannates of tm 
or antimony and the color 
base These are insoluble 
in alkaline solutions and 
therefore fast to soap 

Not used because fibers 
act as acid material 

1 

Not often used, but il 
used adds about 25% to 
the ’i\eight and gives 
black with iron mor- 
dants 

Fatty Acids 

j 

Not used directly on cot- 
ton, but as their alkalies— ■ 
soaps Impregnate the 
cotton, dry; steep in cold 
solution of aluminum sul- 
phate and wash. Gives an 
insoluble aluminum soap 
Gives brighter colors when 
passed into solutions of 
basic coloring matter than 
when tannic acid is used, 
but not so fast to washing 



Sulphaied Oil 

2 parts of castor oil and 1 
part of sulphuric acid are 
allowed to stand 24 hours 
Wash in salt solution to 
free from excess of acid 
and then neutralize with 
sodium hydroxide or am- 
monium hydroxide Acts 
as a fatty acid and gives an 
extremely soluble soap 
with alkalies. Or use cas- 
tor oil soap — castor oil 
boiled, with sodium hy- 
droxide, the resulting com- 
pound being known as 
Turkey red oil, ahzarm oil 
or soluble oil Used in 
Turkey red dyeing 
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769. General Methods of Applying Dyestuffs. Mordant 
Dyes, including the following natural dyestuffs: logwood, mad- 
der, cochineal, limawood, camwood, fustic, weld, quercitron 
bark and flavin; and the synthetic dyes such as ahzarin, alizarin 
orange, ahzarin maroon, alizarin blues, alizarin greens, alizarin 
black, anthracene blues, anthracene yellow, mordant yellow, 
naphthol green, caelestine blue, etc., are largely used in the dye- 
ing of wool and in the dyeing and printing of cotton and silk. 
Generally they yield colors that have great fastness to hght, 
soaping, acids, alkalies, bleaching agents, etc. They are now 
being replaced by the very fast vat dyes. When a fabric, pre- 
viously mordanted with a metallic salt is dyed with a mordant 
dye a chemical reaction takes place resulting in the formation of 
a new compound which is the actual coloring substance, and this 
becomes fijced upon the fiber. There are three methods of appli- 
cation (a) the mordant may be first applied to the fabric and the 
dyestuff afterwards applied, known as the mordanting and dye- 
ing method ; (b) the order of application may be reversed, known 
as the dyeing and saddening method; (c) the mordant and dye- 
stuff may be applied simultaneously, known as the single bath 
method. In the dyeing of wool the first process is usually pre- 
ferable; the second process makes the matching of colors harder, 
and the third is applicable only when the color lake is soluble 
in dilute acids, such as the tin and aluminum color lakes. Moi- 
dant dyes are not used very largely on silk, chiefly because they 
detract somewhat from the luster of the fiber. W'ith cotton the 
first process is usually followed, and aluminum is the chief 
mordant. Although a great many permanent and bright colors 
may be obtained with mordant dyes on cotton they are not very 
widely used, the fast colors being produced chiefly by the sul- 
phide, vat and ingrain dyes. 

Acid-mordant dyes are used largely on wool, and are suitable 
only for wool and silk. They are very numerous and are chiefly 
azo-compounds containing salicylic acid or orthoaminophenol 
compounds. Some however are pyrogallol or anthracene 
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derivatives. They include dyes giving a complete range of 
colors. In the dyeing of wool the usual method of application is 
to prepare a bath containing 3% sulphuric acid or 3 to 5% 
acetic acid and 5 to 10% of sodium sulphate. After the solution 
has been brought gradually to the boihng point, the boiling is 
continued until the coloring matter is entirely fixed, an addi- 
tional amount of acid being added if necessary. Excess of acid, 
however, frequently retains the dyestuff in solution. The wool 
is then removed from the bath, the metallic salt is added and the 
wool is again boiled in the bath for half an hour. In most cases 
potassium dichromate to the extent of one-half the weight of 
the dyestuff is the mordant applied. 

The acid-mordant dyes are of increasing importance in dyeing 
wool, but are little used on silk and not at aU on cotton. 

760. Acid Dyes, including azo-dyes, nitro-compounds, sul- 
phonated basic dyes and phthaleins constitute by far the most 
numerous class of synthetic coloring matters. Of these the 
greatest number are azo-dyes. These contain few greens, blues 
and violets, but contain many reds, oranges, yellows, browns, 
and blacks. The nitro-compounds are few in number and are 
all yellows, the most important being picric acid and naphthol 
yellow. The greater number of sulphonated basic dyes are 
greens, blues and violets, and acid magenta. The resorcin, or 
phthalein dyes are chiefly brilliant pinks or reds, the eosins being 
the most important group. In most cases the commercial acid 
dyes are the sodium salts of sulphonic acids. 

The simplest and usual method of dyeing with acid dyes is to 
prepare a bath containing the requisite amount of the dyestuff 
with 1 to 4% of sulphuric acid and about 10 to 20% of sodium 
sulphate. The wool is dyed in this solution for about an hour, 
boiling for the greater part of the time. The sodium sulphate 
exerts a leveling influence upon the fixation of the dyestuff, 
probably because of the solvent action it exerts. Another reason 
is that it exerts a retarding action upon the liberation of the 
free color acid by the sulphuric acid. Where level colors are not 
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readily produced the acid may be added gradually, or may be 
substituted by an ammonium salt, such as the sulphate or ace- 
tate. The soluble colored sodium salt is then changed very 
gradually to the insoluble free sulphonic acid 

In dyeing silk the acid dyes are applied in a bath containing 
up to 25% by volume of '^boiled off^^ liquor, the soapy solution 
of the silk gum obtained in removing the gum from raw silk. 
Sulphuric, acetic or formic acid is added and the bath is kept at 
a temperature of 80*^ to 90° since the silk has a greater aJQSinity 
for the dye than has the wool. After dyeing, the silk is bright- 
ened by working in a dilute solution of sulphuric, acetic or 
tartaric acid, and dried without washing. 

There is no satisfactory method of dyeing cotton with acid 
dyes. 

761. Direct Dyes have the special property of dyeing cotton 
fabrics without the use of a mordant. They, too, are chiefly 
azo-dyes, but contain the — N = N — group twice in the molecule 
and thus constitute the tetrazo-group of the azo-dyes. There 
are a great many of these dyes, and they are obtained in all 
colors, all of them being introduced since 1884. Primuline is 
an example of a direct dye that is not an azo-compound. It 

contains the group Turmeric is the only impor- 

tant natural direct dye for cotton. Direct dyes may be used on 
all fibers but are not used to any extent on silk. 

In the dyeing of wool with the direct dyes the bath is made 
slightly acid and sometimes a small amount of sodium sulphate 
is added. Fastness is often improved by after treatment with a 
metallic salt, making the action similar to the acid-mordant 
dyes. 

Cotton may be dyed in a cold, luke-warm or boiling solution 
of the dye, to which is added up to 2% of sodium carbonate and 
up to 20 grams per liter of sodium chloride or sodium sulphate. 
More concentrated solutions must be used if the bath is kept at 
a low temperature. Brighter colors are obtained if the dyed 
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material is passed through a solution of Turkey-red oil before 
drying or if this substance is added to the dye-bath. The color 
produced by the direct dyes upon cotton may or may not be the 
same as that produced upon wool when the same dye is used. 
Mercerized cotton has a greater affinity for direct dyes than the 
ordinary cotton fiber. 

762. The Basic Dyes are not as numerous as the other groups 
but they contain the most brilliant dyes known, such as methy- 
lene blue, malachite green, methyl violet, auramine yellow, 
rhodamine pink, etc. The chemical composition of the basic 
dyes differs very widely, some being derivatives of di- or tri- 
phenyl methane, while some are azo-colors and some contain 
sulphur. Basic dyes are but little used on wool, since the acid 
dyes yield faster colors. Wool has, however, a great affinity for 
the basic dyes and a small amount of acetic or sulphuric acid is 
usually added when used. 

Basic dyes are suitable for dyeing silk where fastness to light is 
not important. The silk yarn is dyed at 60 ° to 80*^, some 
^ ^boiled off” liquor or neutral soap being added to the solution of 
the dye. 

Cotton has but little affinity for the basic dyes, so that when 
they are used a mordant must be applied. Tannin mordants 
have a natural affinity for cotton but the colors produced are not 
fast to washing. Faster colors may be produced by double 
mordanting, first with the tannin and then with a solution of a 
salt of antimony, tin or iron. Fatty mordants, such as Turkey- 
red oil or soap produce a brighter color but less fast. Mordant, 
sulphide, acid and direct dyes have an affinity for the basic 
dyes and hence may be used as mordants, compound shades 
being thus obtained. 

763. The Sulphide Dyes, which have of late years been of 
increasing importance, are obtained as powders, that are 
usually insoluble in water, but are soluble in a solution of sodium 
sulphide. They are used chiefly for the production of fast 
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blacks upon cotton and other vegetable fibers but fast blues, 
greens, browns and yellows may also be obtained. 

Sulphide dyes are rarely used on wool, because of the injurious 
action of the sodium sulphide upon the fiber. The blacks, blues 
and bro'?\ms are used on silk, the dye being dissolved in the 
solution of sodium sulphide, with twice as much glucose as 
sulphide. This is boiled until the dyestuff is dissolved and is 
then added to the boiling dye-bath already containing 1 gram 
of soda ash, 8 cc. of Turkey-red oil and from 5 to 10 grams of 
sodium sulphate per liter. The sillc is kept below the surface of 
the dye for an hour, then rinsed, soaped and brightened with 
acetic acid. Fastness may be improved by subsequent boiling 
in a solution containing 2 to 4 % of potassium dichromate and 3 
to 6% of acetic acid. 

In the dyeing of cotton with the sulphide dyes, the necessary 
ingredients m the dye-bath, in addition to the dye-stuff are 
sodium sulphide, sodium sulphate or other neutral salt, and an 
alkali, usually sodium carbonate. The addition of Turkey-red 
oil, monopol oil or glue tends to produce more level and brighter 
shades. The exact proportion of the various ingredients varies 
with the color desired, but the baths are very concentrated so 
that the same bath is used over and over, the color being added 
as needed. The cotton is kept wholly immersed and dyeing takes 
place just below the boiling point. Some of the sulphide dyes do 
not require any after treatment except exposure to the air, but 
others have to be treated with oxidizing agents, such as chro- 
mium salts or hydrogen peroxide so as to insure complete oxida- 
tion. Potassium dichromate and acetic acid are also used 
extensively. 

764. The Vat Dyes formerly were represented by indigo 
alone, but the synthetic production of indigo led to the dis- 
covery of a great many other dyes of similar nature, many 
being derivatives of indigo (indigotin), while some of the others 
are the algole dyes, the cibanone dyes and the indanthrene 
dyes. While blues predominate, all colors may be obtained. 
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The essential features of a vat dye are its easy reduction to a 
form readily soluble in dilute alkali, its attraction in this condi- 
tion by the fiber, and its rapid reoxidation on the fiber to the 
original insoluble condition The reduced condition is termed 
the 'Vat.” 

In the dyeing of wool there are two chief indigo vats, (1) the 
fermentation vat and (2) the hydrosulphite vat. In the first 
the indigo is mixed with woad, bran, madder, lime and water, 
and the fermentation that sets in after warming the liquor 
changes the starchy matter into glucose, then into lactic acid, 
which then undergoes butyric fermentation with the evolution 
of hydrogen. In the hydrosulphite vat synthetic indigo is 
usually used. It is mixed with sodium hydroxide and sodium 
hydrosulphite solutions and water. The mixture is heated to 
50® to reduce the indigo to indigo white, the solution becoming 
clear greenish yellow. After working the goods in the vat they 
are squeezed and are then exposed to the air to oxidize the 
indigo. Indigo vat blue is an extremely fast color, but has the 
defect of being liable to rub off. It is not employed to any extent 
on silk, but is used extensively on cotton, the chief difference 
being that it is applied cold. 

Indigoids are closely related to indigo, and are made syntheti- 
cally. They are of two classes, (1) where the central chromo- 
phor is — same as in indigo, and (2) 

where the central chromophor differs by the addition of 2 imino 

groups, becoming indigo chromo- 

phor cannot be destroyed without changing the nature of the 
dye. The indigoids are vat dyes, the same as indigo. The imino 
groups may have a different position, or may be replaced by 
hydrogen, or other elements or radicals. 

766. Ingram Dyes are those coloring matters other than the 
mordant dyes which are produced from their constituent bodies 
upon the fibers. The ingrain dyes may be divided into (a) ani- 
line black; (b) insoluble azo-dyes; (3) metallic dyes. Aniline 
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black IS produced by the oxidation of aniline in acid solution by 
such agents as potassium ciilorate and cupric chloride. There 
are many modifications of the process of oxidation and also of 
application, the dye usually being applied to cotton and not to 
animal fibers, although a mixture of silk and cotton for umbrella 
covers is often dyed by this dye. 

The insoluble azo-dyes are used largely for silk and wool and 
have little affinity for cotton. 

Of the metallic salts used for dyeing only one will be described. 
Iron buff is first produced by precipitating hydrated ferric oxide 
on the fibers, after which the material is passed into an acid 
solution of potassium ferrocyanide. The color, Prussian blue, 
is extremely fast to light but is sensitive to alkalies. It is little 
used on wool. 

In general in the dyeing of mixed fabrics such as cotton and 
wool the operation may be conducted by selecting a dye that 
has affinity for both fibers, such as the benzidine dyes; or by 
dyeing first the wool in the usual manner with an acid dye, then 
mordanting the cotton with tannic acid and tartar emetic or 
stannic chloride and dyeing in the cold with a basic coloring 
matter. 

Cross dyeing is produced by first dyeing the cotton warp, 
then weaving with wool and dyeing the latter by means of acid 
dyes. 
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CHAPTER XXXII 


SOAPS, LAUNDRY CHEMISTRY AND CHEMICAL 
CLEANING 

766. A Soap may be defined as the salt of a fatty acid. There 
are, however, many varieties, but as a whole they may be 
divided into two classes — (1) the soaps of the alkali metals which 
are water soluble; (2) the soaps of the alkaline earth metals 
which are insoluble in water and are known as the metallic 
soaps. 

767. The Alkali Metal Soaps are further divided into two 
classes (1) the soda soaps, which are hard, and (2) the potash 
soaps which are soft. The fatty raw material may be any oil 
or fat but not all of them are entirely suitable. 

768. Hard Soap by the Cold Process. For this kind of soap 
the cocoanut oil group of oils and fats is the most suitable. 
The fat is stirred with concentrated sodium hydroxide solution 
having a specific gravity of 1.35 at a temperature of about 35°. 
The mixture is covered and allowed to stand for 24 hours. This 
soap usually contains an excess of either fat or alkali. Fats 
containing notable amounts of the free fatty acids are not 
suitable because of too rapid formation of the soap causing 
lumps. Castor oil is used in the cheap transparent soaps, and 
complete transparency may be obtained by adding sugar solu- 
tion or sodium silicate solution. 

769. Hard Soap by the Hot Process is better, yielding a soap 
of uniform quality, color and hardness, and containing the 
largest amount of glycerin. The oils and fats are introduced 
into the soap kettle and churned by steam. Dilute sodium 
hydroxide solution is run in (Fig. 169.) It is necessary to use an 
excess of the sodium hydroxide to insure complete saponification 
A pasty mass is formed, and this soap paste is made into com- 
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mercial soap by the addition of salt, known as salting out. 
The materials separate into two layers, an aqueous layer of 
salt, glycerol, and the excess of sodium hydroxide, and the upper 
curdy mass of soap granules with 30 to 35% of water. The lower 
layer is drawn off and treated to recover the glycerin. The 





Fig. 169. Kettle Occupying Four Floors for Boiling Soap 


soap granules are boiled with water and again with sodium hy- 
droxide for complete saponification, and separated. The mate- 
rial is treated again the same way to remove the impurities and 
to improve the color. In some cases it is boiled with a somewhat 
concentrated solution of sodium hydroxide, and salted out again 
to a curd; then ^'fitted^^ by allowing it to stand for several days, 
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when the lowest layer will be aqueous, covered by a dark soap 
containing the impurities in the form of the iron and copper 
salts of the fatty acids, and an upper layer of ^^neat soap” in 

which the excess of 
sodium hydroxide is 
very small. The soap 
IS next run into 
crutching, or mixing, 
machines (Fig. 170), 
where the color and 
perfume are added if 
wanted. The soap is 
then run into frames 
for a few days to solid- 
ify. (Fig. 171.) The 
sides of the frames are 
then removed and the 
soap is cut, first into 
slabs, then into bars, 
and finally into cakes, 
Fig 170. Crutchmg Machine for Mixing Soap which are stamped, 

wrapped and sold. 
(Fig. 172.) Pure 
commercial soaps 
made in this way 
have 30% water 
and 63 to 64% 
fatty acids and 
the rest as com- 
bined sodium 
oxide. 

770, In Mottled 
Soaps part of the 
iron and copper 
soaps present as 
Fig. 171. Cooling the Soap. impurities are not 
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thoroughly separated and segregate on cooling as veins in the 
soap. Mottled soaps contain about 61% of fatty acids. They 
may be adulterated with salt, sodium carbonate or sodium 
silicate to any desired extent, 
and may contain as low as 
10% of fatty acids. Adul- 
teration is excused by the 
manufacturers by saying that 
it makes the soap harder and 
a better cleanser. If soap 
contains from about 52 to 
60% of fatty acids it is 
known as filled soap. It is 
called loaded when it con- 
tains clay, talcum, barium 
sulphate, asbestos, seed 
husks, starch, etc. If there 
is less than 50% of fatty 
acids the soap is called aduh 
terated, 172- Slabbing and Cutting the 

Soap. 

771. Soft Soaps are easier to make than the hard soaps. 
The fatty substances are boiled with potassium hydroxide and 
there is no salting out. Potassium carbonate is required to pro- 
duce a clear translucent soap of good consistency. The soft soap 
may be made in fire heated or steam heated vessels. Linseed oil 
is used in the best soft soaps, and the mixture is churned with 
steam. Potassium hydroxide is added, and when the entiremass 
is slightly alkaline the potassium carbonate is added in solution. 
The excess of water is removed by heating with a closed steam 
coil while the soap is agitated to expose it to the air. If cotton- 
seed or corn oil is used the soap becomes dull m frosty weather. 
All glycerol is retained in the soft soap and some excess of 
potassium hydroxide and potassium carbonate. The retention 
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of the gl^^cerol adds to the transparency. Rosin may be used 
in soft soaps the same as in hard soaps, and lowers the value. 

Laundry soaps are settled or mottled tallow rosin soaps. 

Toilet soaps if of good grade may contain as high as 80% of 
fatty acids, but there are many cheap grades, the inferiority 
being concealed by coloring matter and perfumes. Fig. 173 
shows a milling machine for toilet soaps. 

Floating soaps contain air incorporated with the soap while 
it is in a pasty condition. 



Fig. 173. Milling Machine for Toilet Soap. 

Medicated soaps contain medicinal substances incorporated 
with the soap. 

Disinfecting soap or antiseptic soap contains carbolic acid. 

Soap powder consists of a mixture of hard soap and sodium 
carbonate. 

Dry cleaning and soap emulsions contain neutral Turkey- 
red oil and caustic alkali together with carbon tetrachloride and 
chloroethylenes. 


SOAPS, LAUNDRY, CHEMICAL CLEANING 


517 


772. When Soap Is Used with Hard Water, the general 
reaction may be represented by the equation 

2NaCi7H35C02+CaS04 Ca(Ci7H35C02)2+Na2S04 

The soap cannot form an emulsion with the oily material on 
the skin until after it has reacted with the calcium salts, so that 
the use of hard water for washing purposes is an expensive pro- 
cess. After the soap has formed the emulsion with the oil, the 
dirt can be easily removed. Warm water makes the emulsifying 
process more rapid and more thorough, so that the dirt is 
removed more easily by using warm water rather than cold. 
The calcium stearate formed when the soap reacts with the hard 
water is a sticky, gummy substance appearing as whitish masses 
in the water. Unless removed from the basin when soft they 
form a hard crust, difficult to remove. 

Soap Substitutes, A French patent gives as a substitute for 
soap a mixture of soap lyes, with about 15% by weight of corn- 
meal, and if desired about 15% kaolin. The mixture is heated 
to about 80° to 90°, and when cool has the consistence of a thick 
white cream, and possesses to a high degree the properties of a 
water-soluble soap of good quality. 

773. In the Laundry the chief cleansing agents are water, 
soap, the carbonates and bicarbonates of both sodium and 
potassium, sodium hydroxide, borax, and mixtures that are sold 
as washing powders, or washing sodas. The alkalies react read- 
ily with wool and silk, but not with cotton or linen unless concen- 
trated, although they will produce a yellow color, even if weak. 
Soap for laundry use should be made from good grades of red 

— crude oleic acid. This will produce a soap that is more solu- 
ble than tallow soap and makes a better cleanser than soapvS 
made from the stearates and palmitates. Rosin soaps are 
inferior and produce a yellow color if used repeatedly. Soap 
breaks up the fatty film, wets the oily surface and lubricates the 
particles of dirt. It probably forms an emulsion with the fat and 



518 


CHEMISTEY IN EVEEYDAY LIFE 


although there are several theories concerning the action of soap 
the exact nature of its action is not known. 

774. Goods Washed in the Laundry may be classified into 
(1) white collars, cuffs and shirts, either cotton or linen; (2) 
colored cotton, usually sorted as to colors; (3) woolen goods; 

(4) white goods other than cuffs, collars and shirts; (5) silks. 
The method of treatment is different with the different kinds of 
goods and the description given will be for collars, cuffs and 
shirts. 

776. The Treatment for Collars and Cuffs consists of 
(1) cold rinse at the room temperature for 5 minutes; (2) first 
suds, brought to a boil in 10 to 15 minutes, and continued for 
10 minutes longer; (3) second suds and bleach, applied as the 
first suds; (4) warm rinse at 60'' to 80° for 5 to 10 minutes; 

(5) same as (4); (6) warm rinse and acid at 40° for 5 to 10 
minutes; (7) blue, at 40° for 5 to 10 minutes; (8) rinse at 40°, 
for 6 to 10 minutes; (9) same as (8). 

776. The Water Used in the laundry should be a natural 
soft water or a softened water. (See §772.) Hard water should 
not be used since it forms difficultly soluble soaps of calcium and 
magnesium, difficult to remove. These soaps are also deposited 
in the fibers of the goods and decompose on ironing into com- 
pounds that produce yellow or brown spots. The water softener 
used should leave the water nearly neutral. The reagents are 
added, and mixed by the use of steam, compressed air, or pad- 
dles. Alum is added as a coagulant to carry down the suspended 
particles. A sand filter is also very effective for purifying. 

777. The Cold Rinse removes the loose dirt and dissolves 
the albuminous substances present, which would coagulate if the 
goods were placed in hot water at first. Usually a little soda 
ash or washing soda is added to the water. 

778. The First Suds contain of soap and 34% soda 
ash. Hot water is gradually admitted and steam is passed 
through to keep the temperature at the boiling point. About 
30 gallons of water are used for 75 pounds of dry clothes. 
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779 . The Second Suds are made a little weaker and the 
bleach is added. For this purpose sodium hypochlorite is used. 
It may be made by the action of soda ash and calcium hypochlor- 
ite, or by the electrolysis of a solution of common salt and may 
be prepared in the laundry. From 50 to 70 grams of available 
chlorine are necessary for 30 gallons, and this will be used up in 
from 10 to 30 minutes, and more must be added or the clothes 
will not be uniformly white. The bleaching is the most harmful 
part of the washing, since the chlorine weakens the fibers and 
the collars will break after 8 or 9 treatments, while a collar 
washed without bleaching may be washed 25 times without 
being any weaker than the bleached collar after 8 or 9 washings. 

780 . The Acid Rinse neutralizes the alkali used in the first 
part of the washing. Basic aniline dyes are added to remove the 
yellowness. The acid used is an N/50 solution of acetic, lactic 
or oxalic acid. The first two do not ionize readily, and are, 
therefore, called weak acids. They do not attack the cellulose 
fiber readily even if concentrated. Oxalic acid ionizes more 
completely and is a stronger acid. It is used more than the 
others because it removes the iron stains, forming complex ions 
of iron oxalate. The acid must be carefully removed before 
drying, since as the water is driven off the acid becomes more 
concentrated and the fibers are weakened. Sometimes sulphuric 
or hydrochloric acid is used instead of oxalic but they, too, are 
very strong. When cellulose fibers are boiled with an N/50 
solution of oxalic acid for 3 hours the strength of the threads is 
diminished 3^. Enough acid must be added to neutralize the 
alkali or the blue does not set evenly and the alkali remaining 
causes the starch to change into dextrin and glucose in the 
ironing machines. The starch used is a mixture of wheat and 
corn starch boiled. The starch has been partially converted by 
acids until it forms a thin solution when boiled with water. A 
solution is made containing 100 grams per liter and the starch is 
rubbed in by a machine at a temperature of 65° to 70°. The 
excess of starch is wiped off, first with the hand, and then with a 
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piece of cheese cloth, care being taken to have the starch all 
through the goods in order to avoid splitting of the piles. They 
are then dried, dampened and ironed, first flat, and then 
shaped by a machine which irons the turns, etc. 

781. Colored Articles are washed with less alkali and no 
bleach is used. Wool and silk are washed after the same general 
principles as colored goods, but sometimes a bleach is used. 
Chlorine cannot be used since it attacks the fibers and hydrogen 
dioxide is used instead, or a solution of sodium perborate or 
sodium hydrosulphite may be used. 

Further Applications of Chemistry to the laundry may be found 
in the analysis of the raw materials, testing soaps for adultera- 
tions, preparation of bleaching agents, blueing material, etc. 

782. Chemical Softening of Hard Water. Although soap 
may be used to soften hard water, it is an expensive process. 
By using a standard soap solution the amount of hardness in 
water may be determined. It will be found that all hard waters 
require much more soap than soft water, and that in some forms 
of hard water 20 to 30 times as much soap may be required [t 
will be seen that the question of softening the water becomes one 
of great practical importance, especially in the laundry where 
so much water is used, and in steam boilers to prevent the forma- 
tion of boiler scale. (See Fig. 110.) 

Calcium Bicarbonate^ the chief ingredient of temporarily hard 
water, occurs widely distributed in nature as limestone, CaCOs. 
This is dissolved easily when carbon dioxide is dissolved in the 
water, forming the calcium bicarbonate 

CaCOs+HsO-i-COa Ca(HC03)2 

which is about thirty times as soluble as the carbonate. Calcium 
hydroxide, or slaked lime, Ca(OH) 2 , may be used to throw the 
calcium bicarbonate out of the solution, softening the water 
Ca(HC03)2+Ca(OH)2 -->20aC03 i + 2 H 2 O 

When water contains calcium sulphate it may be softened by 
the addition of sodium carbonate 

CaS04-f NasCOs CaCO* f -f-NasSO^ 
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When the carbonate and sulphate are present the water may 
be softened by using sodium hydroxide which acts first upon the 
bicarbonate. 

Ca(HCOj)2-f2NaOH — ^ CaCOs I +Na2C03 (solution) 4-2H2O 

after which the sodium carbonate acts upon the calcium sulphate 
as above. If iron carbonate is present it too is held in solution 
as the bicarbonate and is precipitated by boiling. 

Sodium carbonate also softens water containing the calcium 
bicarbonate, forming calcium carbonate and sodium bicar- 
bonate, 

Ca(HC0,)2+Na2C03-^CaC03| -l-2NaHC03 (solution) 

Ammonium hydroxide will act upon either the carbonate or 
the sulphate, softening the water. Borax and soda do not bleach 
but prevent staining by the iron by precipitating the soluble 
iron bicarbonate as iron carbonate before the goods are put in. 

783. “Dry” or Chemical Cleaning. The term “dry clean- 
ing” is used to cover methods of cleaning where water is not 
used. It is not a dry method at all, and is, therefore, incorrectly 
named; chemical cleaning being what is meant. Chemical 
cleaning was introduced in France near the middle of the 19th 
century, by the use of camphene, a terpene used at that time 
for illuminating purposes. 

The solvent chiefly used for chemical cleaning is petroleum 
benzine. Its specific gravity is about 0.78 and the boiling point 
varies from 80® to 120®, Benzine is highly inflammable and 
dangerous to use. The commercial product is apt to contain 
small amounts of carbon disulphide, thiophen and other sulphur 
products that impart a disagreeable smell to the fabrics. The 
presence of carbon disulphide in benzine may be detected by the 
formation of a precipitate when phenyl-hydrazine is added. 
The general method of cleaning is to beat out the loose dust and 
then immerse the article in the benzine, rubbing any spots that 
do not disappear readily. The garments are hung in a current 
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of air for 12 hours or more to remove the odor of the benzine. 
xAfter the solvent has been used for a time it is full of dirt and 
grease and is distilled This purifies the solvent and it may be 
used again. See Fig. 174. 

Special /Soaps, soluble 
in benzine, are employed 
in chemical cleaning. 
They assist in the de- 
greasing, and diminish 
the risk of foe. These 
soaps consist of practi- 
cally anhydrous sodium 
or potassium oleate or 
stearate, made by melt- 
ing together oleic acid 
and soap, or by dissolv- 
ing the alkali in dena- 
tured alcohol and adding 
to the solution the re- 
quired amount of oleic ox 
melted stearic acid. 
Strong ammonium hydr- 
oxide may be substituted 
Fig. 174. Still Used by Dry Cleaners for ^^e sodium or potas- 

Recovery of Solvent. . n i 

Slum alkali. 

784. Substitutes for Benzine are now being used to a certain 
extent, but owing to their cost they are not as widely used as 
benzine. Among them are chloroform, CHCb; carbon tetra- 
chloride, CCb; dichlorethylene, C2H2CI2; trichlorethylene, 

C2HCI3; per chlor ethylene, C2CI4; tetrachlorethane, C2H2CI4 

and pentachlorethane, C2HCI5. These noninflammable substi- 
tutes for benzine are all classed chemically as chlorine derivatives 
of methane, ethylene and ethane. On account of the cost 
carbon tetrachloride and trichlorethylene are used more than 
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the others. Carbon tetrachloride is often sold at a higher price 
as ^^Carbona.” 

786. The Removal of Stains, Grease, Ink, etc., from fabrics 


Brief T.\ble to Show the M \nner of Removing 
Stains and Grease 


Kind of Stain 

From Linen 

From Cotton 

From Wool 

From Sdk 

Sugar, glue, blood, 
albumen 

Wash 

with 

water 


Grease 

Soap, alkalies 

Warm soap 
Chlorotonu 

Soap, NH 4 OH 
Chlorolorm 

Benzine, ether, egg, 
chalk, NH 4 OH. etc. 

Varnish and oil paint 

Turpentine, 

benzine 

and soap 

Benzine, ether, soap 
Rub with care 

Stearin 

95 

per cent 

alcohol 

Vegetable colors, 
fruit colors, wine 

Sulphur dioxide, 
warm chlorine water 

Warm soap suds am 

d ammonia 

Suds and ammonia, 
gently. 

Aniline inks 

Warm chlorine 

water 

' Sulphur dioxide 

) or ammonia with care 

'ilizann inks 

Rather strong soluti 

on of tartaric a id 

Weak tartaric 

acid if it docs no harm 

Iron rust, iron ink 

Oxalic acid, warm 
dilute HCl, citric 
acid, ammonmni 
oxalate, etc 

Citric acid 25% 
HF for a second, im- 
mediate rinsing re 
peated as required 

Citric acid or 
dihteHCl, if 
the dye is neu- 
tral 

SUin usually becomes 
worse no matter what 

IS used 

Lime or alkalies 

Water or 

very dilute 

acids followe( 

1 by water. 

Tannin, nutshells. 

Javelle water dilute 
HCl, strong tar- 
taric acid, etc 

Wash alternately 'with water and dih 
does not affect the goods Chlorine i 
wool or Silk 

ite chlorine water if it 
s not good for either 

Coal tar, wagon! 
grease, etc 

Soap, oil of turpen- 
tine, alternating 
with water Xylol * 

Lard, then soap, followed by alter- 
nate applications of turpentine and 
water Xylol. 

Lard, soap, alternate 
benzine and water. 
Let -water fail some 
distance No turpen- 
tine 

HaSOiOrHCl. i 

(red stain) 

HNOa . j 

(yellow stain) 

Neutralize the acid 

Nothing will remow 

by applying NHiOH Then wash wii 

e the color. NH 4 OH will make the co 

;h water. 

lor more intense 


When available, the non-inflammable and non-expiosive chlorine derivatives, such as carbon tetra- 
chloride, tnchlorethylene, and chloroform, should be substituted for the explosive solvents, ether, benzine, 
carbon disulphide, benzol, petroleum ether, etc , which are used extensively for removing grease 
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depends upon the kind of stain and the nature of the fabric. 
Chemically the action may be one of neutralization, or it may 
depend upon the solubility of the staining material in some 
chemical used, or in forming an emulsion which may be washed 
out with water. The table on page 523 shows some of the more 
common methods used for removing stains, grease, paint, etc. 

786, The Removal of Ink Stains often causes difficulty, 
owing to the various colors made from different materials. 
Several other methods of removing ink will be given. 

(1) Soak in warm water; cover with ammonium hydroxide, 
and then with orthophosphoric acid. Dry and repeat three or 
four times, or until the spot is removed. 

(2) Soak the spot in a concentrated solution of equal parts 
of citric acid and alum. 

(3) Soak the spot in a solution of oxalic acid, 10 parts; 
stannic chloride, 2 parts, acetic acid, 5 parts; water to make 
500 parts. 

(4) Make a powder consisting of equal parts of potassium 
bitartrate and citric acid. Place the material over a hot plate; 
pour hot water over it and rub some of the powder into the 
dampened spot with a spoon. 

(5) Red inks, except eosin, may be removed by the use of 
alcohol and acetic acid; or by chlorine water or Javelle water, 

(6) Dilute hydrochloric acid (10%) may be applied, followed 
by rinsing. 
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CHAPTER XXXIII 


FUELS AND ILLUMINANTS 

787. Definition. Fuels include everything that may be 
burned in such a manner as to render the heat evolved capable 
of being economically applied to domestic or industrial purposes. 

788. Kinds of Fuel, Fuels may be divided into 

1. SoHd fuels, further divided into 

a. Natural fuels, including wood, where the natural 
tissues are unaltered, and peat, lignite and coal where 
the tissues are altered. 

b. Carbonized fuels, as charcoal and coke. 

c. Compressed fuels, as briquets, or patent fuel. 

2. Liquid fuels, as petroleum, benzine, benzol and alcohol. 

3. Gaseous fuels, including 

a. Natural gas. 

b. Gas produced by carbonizing solid fuels, as coal gas. 

c. Gas produced by partially burning solid fuels, as 
water gas, producer gas and blast furnace gas. 

d. Gas produced by chemical action, for special pm'poses, 
as hydrogen and acetylene. 

789. Value of a Fuel. The importance and value of any fuel 
depends upon its distribution, cost, calorific value and the 
nature of its combustion. 

The Calorific Value depends upon the number of calories of 
heat liberated when a given weight is burned. There are two 
units for measuring the calorific value of a fuel. (1) The Calorie 
(large) is the amount of heat required to raise the temperature of 
one kilogram of water one degree Centigrade, in the neighbor- 
hood of 15° C. (2) The British Thermal Unit is the amount of 
heat required to raise the temperature of one pound of water one 
degree Fahrenheit, in the neighborhood of 60° F. One calorie 
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is equivalent to 3.9683, or approximately 4, British Thermal 
Units. The small calorie, 1/1000 as large as the regular calorie 
is used in certain cases. Two hundred fifty-two small calories 
are equal to 1 B. T. U. 

The Determinati07i of the Calorific Value of a solid or liquid 
fuel is accomplished b}” burning a known weight of the fuel in 
compressed oxygen in a bomb calorimeter. The number of 
calories for a gas is determined by burning a measured volume 
of it at atmospheric pressure in a chamber surrounded by a 
system of coils through which a flow of water at constant head is 
maintained. By regulating the flow of the gas and water the 
gas may be completely burned and the heat transferred to the 
water without loss, the products formed leav- 
ing the apparatus at a temperature slightly 
above the atmospheric temperature. Fig. 151 
shows a bomb calorimeter. Fig. 175 shows 
a larger illustration of an illium bomb, with 
capsule and firing wires. 

The gross calorific value is found by taking 
the sum of all the heat produced in the burn- 
ing and reducing to the average atmospheric 
temperature, 15° C. The net calorific value 
IS found by deducting for the heat liberated 
by the condensation of the steam formed and 
the constant difference is 11.196 large calories 
per gram molecule of steam produced. 

Some of the values for liquids are (gross) n-hexane, 11620; 
benzene, 10250; toluene, 10390; methyl alcohol, CH3OH, 6694; 
ethyl alcohol, C2H5OH, 7400. With the alcohols or other homo- 
logous series having a constant increase of CH 2 in the com- 
plexity, each increase in the complexity gives an increase of 
158-5 K. C. gross. 

In compound fuels, as coal and petroleum, it is not possible to 
compute from the analysis the calorific value, since this is never 



Fig. 175. Illmm 
Bomb. 
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equal to the sum of the constituents, but for bituminous coal the 
following formula is approximately correct: 

Q= 1/100 [8080C+34,400(H- l/8O)+2250S] 
where Q stands for calorific value and C, H, O and S stand 
for the percentage of carbon, hydrogen, oxygen and sulphur. 

The following table shows the gross and net calorific value of 
some of the common gases in both calories and B. T. U. 


Kilogram-Calories, (K. C.) 

(Per gram molecule) 

Bbitish Thermal Units 
B T. U. (Per cubic foot) 


Gross 

Net 

Gross Net 

Hydrogen 

68 4 

57 2 

343 3 287 2 

Methane 

212 0 

189 5 

1064 0 951 3 

Ethane 

370 5 

336 9 

1860 0 1691 0 

Ethylene 

333 3 

310 9 

1673 0 1561 0 

Propylene 

492 7 

459 1 

2474 0 2305 0 

Acetylene 

310 0 

298 8 

1556 0 1500 0 

Carbon monoxide 


68 0 

341 4 

Cyanogen 


259 6 

1303 0 


With gases the calorific value is more additive, particularl 3 ^ 
with water gas and producer gas, where carbon monoxide, hydro- 
gen and methane are the only constituents, but this is not so true 
when heavy hydrocarbons are present, though it is assumed that 
these have a calorific value equal to that of propylene, CaHe? 
and this is not widely different from the real calorific value. 

790. Natural Solid Fuels originate in cellulose, (CeHioOs)!!, 
which constitutes about 91% of dry wood, with 4% of sap and a 
small amount of mineral ash, chiefly calcium carbonate and 
potassium carbonate. Freshly cut wood contains more water 
than that which has been air dried, the latter containing about 
20%, while the former may have up to 40% or more depending 
upon the kind of wood and the season when it is cut, a smaller 
percentage being found in wood cut during the winter months. 
Soft woods have a specific gravity below 0.55, hard woods more 
than 0.55, and the latter are less inflammable. On account of the 
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small ash content and its lack of clinkering, wood is well suited 
for domestic use and for tubular boilers, but is not suitable for 
high temperatures unless first carbonized (charcoal) or gasified. 

791. Peat is widely distributed and more abundant than 
coal. The amoxmt of peat in the United States is estimated at 
14 billion tons, mostly m the eastern states in deposits that 
average 9 ft. thick. Fresh peat is light brown in color, old peat 
is dark brown or black with the merest trace of vegetable struc- 
ture. Peat has a large ash content, 5 to 15%, and the peat beds 
have a water content of 80 to 90% which is not removed by 
mechanical means, but by air drying, during the summer season. 
Air dried peat contains 15 to 25% of water and has a calorific 
value varying from 2235 to 4300, and averaging about 3000 
calories per kilogram, usually considerably less than that of 
bituminous coal by weight, and about 1/8 that of coal by 
volume. The average analysis shows volatile matter 60%, 
fixed carbon 30%, ash 8%, with 8,500 B. T. U. The combustion 
is nearly complete. Pulverized peat has been used successfully 
as a locomotive fuel in Sweden. 

While in former years peat was not used extensively as a fuel 
in the United States, beginning with 1918 it began to be used 
more and the peat industry assumed great activity and expan- 
sion. This development occurred chiefly in the New England 
States where it was prepared as peat fuel. It is also used as 
stock food and fertilizer. Black, thoroughly dried, decomposed, 
friable peat from a deposit that has been well drained and suc- 
cessfully cultivated for several years is usually suitable for an 
ingredient of commercial fertilizers; or when inoculated with 
nitrifying bacteria, or when mixed with manure is suitable for 
a direct fertilizer. The terms peat and muck are often used 
interchangeably but this is not in accordance with the facts. 
Peat contains a large proportion of the carbon of the original 
vegetable matter and in most peat deposits the remains of 
vegetation are easily visible without a microscope. Peat usually 
gives an acid reaction and the best peats often contain less than 
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4% of inorganic impurities* Muck is uncarbonized, organic 
matter containing a large proportion of inorganic minerals. If 
the material will ignite and burn freely when dried it is usually 
considered peat. 

The average nitrogen content of raw peat is about 2%, This 
nitrogen may be recovered in a form of ammonium sulphate or 
may be made available for plant food without extracting it from 
the peat. Not all of the nitrogen in peat is soluble at one time, 
otherwise many, rich, black, peat soils would shortly become 
unproductive. Since the peat soil is too acid for ordinary 
farming best results are obtained if they are given over to the 
production of crops such as buckwheat, oats, corn, rye, potatoes, 
cranberries, blueberries, strawberries, etc., that can grow in acid 
soil. If properly treated with potash salts and with lime until 
they are neutralized or slightly alkaline they will grow other 
crops such as red clover, timothy, blue grass, wheat, etc. 

Peat briquets are usually made from raw peat that has been 
air dried until the moisture content is 40%. After the peat has 
been powdered the moisture is further reduced to about 15% 
by artificial drying. The binder is then mixed with the peat and 
the mixture is compressed into cylindrical or prismatic shape 
by means of a piston subjected to a pressure of 18,000 to 31,000 
pounds per square inch. But the cost of manufacture is so great 
that it more than offsets the heating value when compared with 
the unmolded peat. 

792. Lignite, or brown coal, is intermediate between peat and 
true coal. The lignites are of very little economic importance 
except in Germany, Austria and Hungary where they are quite 
widely used. Freshly mined lignite may contain 50% of water 
which is reduced to 10 to 20% when air dried. Many varieties 
crumble to a powder when fully dried, but may be pressed into 
blocks. The ash content varies from 5 to 15% and sometimes 
higher. Fig. 176 shows a 10 foot vein of lignite. 

793* Coal. Several theories concerning the transformation 
of vegetable matter into coal have been advanced. During the 
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Fig. 176. Ten Foot Vein of Lignite. 


carboniferous age vegetation was abundant. Fig. 177 shows 
an idealistic view of the vegetation of that period. It is usually 

supposed that the earlier stages 
in the formation of coal were 
characterized by slow oxidation 
under water or other covering to 
protect the decayed wood from 
direct atmospheric action, and 
that following this came increased 
temperature and pressure as more 
material was deposited over it. If 
bituminous coal was changed to 
anthracite it was probably brought 
about by intense earth pressure 
accompanied by seismic disturb- 
ances, or to the later intrusion of 
igneous matter from below. There 
is evidence, at least in some cases, 
that bituminous coal was formed 
from the decay of a different kind 
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of vegetation than that which caused the formation of anthra- 
cite. One investigator states that the earlier agencies that 
helped to transform cellulose into coal were certain fungi and 
bacterial ferments and represents the transformation for 
bituminous coal by the following equation 

4C6HioOs->C%H60+7CH4-f-S(U, j +3H.0 


where the formula CgHeO shows approximately the composition 
of many bituminous coals, carbon, 88.1%; hydrogen, 4,6; 
oxygen, 12.3. It is generally agreed that coal represents only 
to of the original cellulose and has only 3^ its original 
heating value. In some cases it is thought that the shrinkage 
in bulk is to 1/9 of the original volume. Coal is mined to the 
extent of over 1,000,000,000 tons annually and in 1913 it was 
estimated that the total amount of coal in the world was 
7,397,553,000,000 tons, of which 51.8% was in the United States, 
which is about 4 times the amount estimated for Germany, and 
about 20 times that esti- 
mated for Great Britain. 

Fig. 178 shows a comparison 
of peat, lignite, bituminous 
and anthracite. 

794. Bituminous or 
“Soft’’ Coal is classified in 
various ways according to 
the purpose to which it is 
put. The best gas coals 
are those where the ratio 
of oxygen to hydrogen is 
approximately 2, jdelding 
30 to 38% of volatiles and a fairly porous coke of no great 
strength. “Coking” coals should contain 20 to 30% of volatiles 
and are strongly caking. Steam coals should contain less than 
20% of volatiles, are non-caking and nearly smokeless. Gas 
producer coal should be non-caking and have an infusible ash. 



Fig, 178. Comparison of Peat, Lig- 
nite, Bituminous and Anthracite. 
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Nitrogen is present in coal to the extent of 1 to 2% but furnishes 
95% of the amnaonjum salts used, but only about 15 to 17 % of 
the nitrogen in coal is recovered as ammonia, 40 to 60% remain- 
ing in the coke, 19 to 37% in the gas, 3 to 4% in the tar and 1 to 
1H% as cyano compounds. When coal is distilled the evolution 
of ammonia begins after caking has set in, at about 350° for 
bituminous coals and at about 450° for anthracite, the prin- 
cipal evolution being between 500° and 700°. 

Sulphur is always a deleterious element in coal and occurs as 
ferric sulphide, FeSa, as sulphates, such as gypsum, CaS 04 , and 
as organic sulphur. It is partly expelled as hydrogen sulphide, 
carbon disulphide and thiophen, but is largely retained in the 
coke. 

795. Coal Ash is usually silicon dioxide, Si02, 25 to 40%; 
aluminum oxide, AbOs, 19 to 28%; ferric oxide, FesOa, 22 to 
32%; calcium oxide, 3 to 16%; magnesium oxide, up to 3.5% 
and sulphur trioxide, 3 to 8%. 

796. When Coal Is Heated to 450° to 500° higher paraffins 
and methane and very little hydrogen are evolved. At about 
700° no more paraffins are evolved, and between 700° and 
800° the evolution of hydrogen abruptly and rapidly increases, 
while methane reaches its maximum at 800° to 900°. It is 
thought that the paraffins come from the gums and resins and 
that the hydrogen comes from the decomposition of the cellulose 
of the plants. 

When coal ts put into a hot furnace it is partially distilled, the 
least stable constituents are decomposed and hydrocarbons are 
evolved, which on partial oxidation or secondary decomposition 
yield carbon and dense tarry vapors (smoke) difficult to burn, 
except in an abundant air supply and at high temperatures. 
The residual semi-carbonized fuel is burned by the air drawn in. 

797 * The Theoretical Amount of Air necessary for the burning 
of a given weight of coal is always less than the actual amount 
required. This is told by obtaining the percentage of carbon 
dioxide in the chimney gases. The theoretical amount may be 
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told from the analysis of the coal but the actual amount of 
carbon dioxide found rarely exceeds 65 to 70% of the theoretical 
amount that should be evolved, and usually runs 40 to 50%, 
meaning a large waste, 
which may be overcome in 
part by mechanical stoking. 

Figure 179 shows an auto- 
matic stoking furnace such 
as used at many large 
establishments. A slow 
moving grate automatically 
carries the coal into the 
combustion zone while the 
fine ashes drop through the 
grate and larger pieces are 
carried to the rear of the 
furnace and dumped into 
the ash pit. Automatic in- 
struments for recording the 
temperature and the carbon 
dioxide content of the 
chimney gases are valuable 
aids towards fuel economy. 

798. For Steam Raising Purposes it has been found that 
coal containing 16 to 23% of volatiles is the most satisfactory. 
If the coal contains too high a percentage of volatiles, too much 
is wasted on account of incomplete combustion, but if the vola- 
tiles are too low a large percentage of coke is produced, and an 
excessive amount of air is required to maintain combustion at 
the proper rate. 

799. Composition of Coal. 


K'lnd of Coal 

Carbon 

Hydrogen 

Oxygen 

Nttrogen 

Bituminous 

75 to 91% 

4.5 to 5 5 

2 to 18 

1 to 2 

Anthracite (av.) 

91 29 

2 91 

2 75 (with 
Nitrogen) 

Ash 3 05 



Fig 179. Automatic Stoker for Fuel 
Economy. 
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In anthracite coal the percentage of nitrogen varies from 
0.58 to 2.85 and sulphur is found to the extent of 0.63 to 1.00%. 
Anthracite is hard and brittle. It has a specific gravity of 1.35 
to 1.7 and burns with a smokeless flame. 

800. Carbonized Fuels. Charcoal was formerly made by 
igniting wood that was piled in heaps, covered with earth. The 
gaseous and hquid portions were allowed to run to waste and only 
the charcoal was considered to have any value. At present the 
charcoal is only one of the many products that are obtained 
when wood is distilled in a closed retort. When charcoal is 
produced at 350° to 400° it is porous, black, sonorous when 
struck, and has a conchoidal fracture and a ligneous texture. 
Charcoal burns with no smoke, and when burned in separate 
pieces produces no flame. Its specific gravity when powdered 
is from 1.5 to 2 but in the lump form is from 0.2 to 0.35 owing to 
the large amount of air enclosed in the pores, when made from 
soft woods, and from 0.35 to 0.5 when made from hard woods. 

801. Dry Charcoal is about 90% carbon, 3% hydrogen, and 
7% oxygen. After storing it is about 70.45% carbon, 1.68% 
hydrogen, 13.1% oxygen, 1% ash, 13.76% moisture and gases. 
The usual ash content is 3 to 4%. The yield of charcoal depends 
upon the nature, age and condition of the wood and the method 
used. Where branch wood of fir is used about 31% of charcoal 
by volume is obtained, while logs of the same give about 80% 
by volume, if stacked vertically, and somewhat less if stacked 
horizontally. The weight of the charcoal is from 15 to 28% of 
the original weight of the wood. Slow charring gives a greater 
yield of charcoal. 

802. Coke is made by carbonizing coal. For metallurgical 
purposes it should be compact, heavy and homogeneous, with a 
bright light gray surface. In addition to the carbon, coke con- 
tains up to 8% of ash, 0.2 to 1.2% of hydrogen; from traces up 
to 8% of oxygen; 0.4 to 1.5% of nitrogen; and from 0.8 to 1.8% 
of organic sulphur. The best cokes are 90% carbon, and less 
than 8% ash, and have a metallic ring. Coke, when dried, does 
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not absorb more than 1 or 2% of moisture, and when on the 
market should not contain more than 3%. Coke having 90% 
carbon and 0.5% hydrogen has a calorific value of about 7,450 
large calories per kilogram. 

803. Compressed Fuels. Briquets are made by compressing 
into blocks, weighing 10 to 30 pounds each, fine anthracite, semi- 
anthracite, semi-bituminous slack, bituminous slack, anthracite 
culm, sub-bituminous coal, and oil gas residue. The binders 
used include coal tar pitch, asphaltic pitch, sulphide pitch, etc. 

The production of fuel briquets increased from about 70,000 
tons in 1907 to more than 477,000 tons in 1918. Briquets often 
stand transportation better than the original coal and as a 
steam raising fuel is frequently more satisfactory. 

804. The Value of a Coal depends upon its calorific value and 
upon special features determined by the purpose for which it 
is to be used such as (1) the moisture content; (2) the quantity 
and fusibility of the ash; (3) the percentage of volatiles; (4) the 
ultimate analysis showing the percentage of carbon, hydrogen, 
oxygen and nitrogen, the latter being important if the coal is to 
bo carbonized or gasified in producers under ammonia recovery 
conditions. 

806. Spontaneous Combustion of Coal is due to the conden- 
sation of oxygen in the pores of the fuel; oxidation of certain 
constituents of the coal substance and possibly to bacterial 
action. At 150° to 200° coal readily absorbs oxygen, oxidizing 
the coal substance. The weight at first increases owing to oxida- 
tion, but then decreases, owing to loss of moisture, slow combus- 
tion and decomposition. At temperatures between 200° and 
275°, depending upon the nature of the coal, its fineness, etc., 
oxidation becomes autogenous, but actual ignition does not 
occur until a temperature of 350° is reached. Coal should, 
therefore, be stored where there is an excessive ventilation or 
where there is none at all. 

806. Liquid Fuels are used to a limited extent for certain 
selected purposes, and have some advantages over solid fuels, 
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since a given weight requires less space for storage and they 
have a greater steam raising power than coal, in the ratio of 
3 to 2. 

807. Crude Petroleum, found in Pennsylvania, Ohio, 
Illinois, Virginia, Louisiana, California, Wyoming, Texas, 
Oklahoma, Kansas, Russia, Gallicia, Roumania, India and the 
Eastern Archipelago is pumped from the earth to the extent of 

about 3,000,000,000 gallons 
annually, 62% coming from 
the United Si:ates. Fig. 180 
shows a boring through differ- 
ent strata to reach an oil 
deposit. Some water in 
emulsified form, and volatile 
hydrocarbons occur with 
petroleum and must be 
removed before it can be shipped, stored or used safely. Fig, 181 
shows a general view of an oil field; Fig, 182 shows oil flowing 
from a well; and Fig. 183 shows a burning oil well. 
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Fig 180 Drilling for Oil. 


Fig. 181. View of an Oil Field in Louisiana. 


Fig. 182. Oil Flowing from a Well. 



' Fig. 183 Burning Oil Well 

which occur as various compounds m oils from different countries. 
The hydrocarbons are chiefly paraffins, CnH2n+2, naphthalenes, 
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CnH 2 n, and members of the groups varying from CnH 2 n ~2 to 
CnH 2 n~i 2 * While hydrocarbons such as naphthalene, acenaph- 
thalene, fluorene, anthracene, and phenanthrene are found in 
coal tar, only naphthalene is found in petroleum. The gross 
calorific value of crude petroleum is between 10,350 and 11,000 
large calories per kilogram. In using oil as a fuel it must first 
be atomized by a jet of high pressure steam or by compressed 
air. The oil should enter the furnace as a fine spray, intimately 
mixed with the air necessary for its combustion. In order to 
secure complete combustion and to prevent the formation of 


smoke the flame should not come into direct contact with cold 
metallic surfaces. Petroleum oils are also used to an enormous 
extent in internal combustion engines, gasoline being used the 
most, while kerosene and crude oils of higher boiling points are 
used in limited amounts. 

808. Refining of Petroleum. The oil is subjected to frac- 
tional distillation, the distillate being usually divided into 
naphthas, illuminating oils, lubricating oils, 
paraffins and coke. The distillation usually 
tails into two stages — the distillation of light 
oils and heavy oils. The light oils are dis- 
tilled from a cylindrical or large circular 
still, holding from 600 to 1,000 barrels. 
Condensation occurs in straight pipes im- 
mersed in cold water. Fig. 184 shows a small 
laboratory type of receiver for fractional dis- 
tillation. The bent movable tube at the top 
is turned to permit the distillate to flow into 
any one of the flasks. The commercial prod- 
ucts of petroleum, their uses and the 
temperatures at which they are obtained are 
as follows: 

Cymogene and rhigolene, used sometimes in artificial ice 
machines, pass over at temperatures lower than 70° F* Ligroin 
or petroleum ether, a purified, low boiling product, used as a 



Fig 184. Receiver 
for Fractional Dis- 
tillation in the 
Laboratory. 
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solvent in laboratories, is collected at a temperature of about 
70°. Low boiling gasoline passes over between 70° and 90° 
and is so volatile that air saturated with its vapor may be burned 
as illuminating gas. High boiling gasohne passes over between 
90° and 150° and is used in gasoline stoves. It is nearly or quite 
identical with naphtha and benzine which are used for cleaning. 
Kerosene as used in lamps is collected between 150° and 300°. 
Lubricating oils distil between 300° and 400°. Paraffin passes 
over at temperatures above 400° and coke is left in the retort. 
Any distillate may be redistilled for purification. 

809. Increasing the Yield of Gasoline. When 10% of 
aluminum chloride is added to kerosene, lubricating oil or 
paraffin and slowly heated, the salt dissolves, making the liquid 
dark brown. When the brown liquid is distilled the portion 
passing over between 40° and 140° is the same as petroleum 
benzine, and is^about 35% to 50% of the kerosene. By heating 
to 400° other products are obtained, and finally a black viscous 
residue remains, from which the aluminum chloride is removed 
by hxiviation, while the black substance is similar to asphalt. 
The total gasoline obtained is from 11 % to 56% of the original 
material, and has somewhat greater heating power than natural 
benzine. The composition of this gasoline is about 35% of the 
series CnH 2 a 4 . 2 , chiefly CqRu and C 7 H 16 , and about 65% of the 
series CnH 2 n, chiefly C 7 H 14 and CsHie. 

Gasoline may also be obtained from natural gas by compres- 
sion and cooling, and the partially denuded gas is subjected to 
absorption processes. The products derived are blended and 
the vapor tension is reduced by driving off the more volatile 
portions to obtain the finished product. During the 8 years 
from 1911 to 1918, 755,497,000 gallons of gasoline were produced 
from natural gas. The natural gas is improved by the process 
owing to the removal of water. 

Since petroleum is a mixture of many hydrocarbons of the 
marsh gas and ethylene series, and the average formula for 
gasoline approaches CeHu, many higher members of these series 
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are present in the natural petroleum. When this is subjected to 
distillation under pressure some of the higher members break up 
into two or more of the lower members of the series, and in that 
way the yield of gasoline is increased. This is usually called 
^‘cracking^^ the heavy hydrocarbons. 

It is estimated by the United States Geological Survey that 
the petroleum deposits will be exhausted by 1935. 

810. The Flashing Point as Determined by Law vanes from 
44"" C. to 65.5"* C. (lir to 150® F.) and may be determined for a 
given sample as follows: 

Oil is poured into the cylinder, a, (Fig. 185) which is fitted 
with a wooden plug and tube terminating in a small opening. 
The oil is slowly heated on a water-bath and compressed air is 
slowly forced through the oil at such a speed that foam five 
centimeters thick is formed. The temperature is taken by means 
of a thermometer and a lighted match is held at the mouth of 
the cylinder every time the temperature rises one degree. When 
the oil has become heated to the flashing point the vapor will 
catch fire and the flame will pass down to the surface of the oil. 
Fig. 186 shows AbeFs apparatus for determining flash point. 
This type of apparatus is standard in Germany and Great 
Britain. 

811. Solidified Liquid Fuel or Solid Alcohol is made accord- 
ing to a patented process from pyroxylin, 1 ounce; ether, 36 
ounces; and alcohol, 12 ounces; dissolved together, then mixed 
with additional alcohol; heated, partially to drive off the ether, 
and then cooled. The resulting mass is slowly, but completely 
combustible. 

812. Gaseous Fuels. Natural Gas occurs usually in petro- 
leum districts issuing from a depth of 500 to 2,000 feet, with a 
pressure of 250 to 400 pounds per square inch. It is used indus- 
trially to an enormous extent where it is available. Its oomposi- 
tion varies, but is chiefly methane, 64 to 94%; hydrogen, 3 to 
30% with small amounts of ethane, ethylene, carbon monoxide 


\ 
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and nitrogen. The density of the gas (air=l) is from 0.45 to 
0.55. 



Apparatus. 


813. Coal Gas is obtained from the distillation of bituminous 
coal in retorts, and is freed from tar, ammonia and hydrogen 
sulphide (Fig. 187). The composition of the gas depends upon 
the coal, the nature of the retorts and the temperature employed. 
Good gas contains from 45 to 50% hydrogen; 30 to 35% 
methane; 4% heavy hydrocarbons, reckoned as CsHe; 5 to 10% 
carbon monoxide with not more than 5% nitrogen. Its calo- 
rific value should be not less than 575 net and 645 gross B. T. T . 
per cubic foot at 0° and 760 mm. pressure. It is very economical 
for domestic purposes and has many advantages over raw wood 
or coal. 
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From a ton of bituminous coal jnay be obtained from 9,000 
to 11,000 cubic feet of gas, 1,500 pounds of coke, 20 gallons of 
ammonium hydroxide, and 140 pounds of coal tar. From the 



distillation of the coal tar may be obtained 69 pounds of pitch, 
17 pounds of creosote, 14 pounds of heavy oils, 9 pounds of 

naphtha yellow, 6 pounds of 
naphthalene, 4 pounds of naph- 
thol, 2 pounds of alizarin, 2 
pounds of solvent naphtha, 
and about a pound of each of 
aurine, benzene, aniline, tolui- 
dine and toluene. By proper 
treatment these substances 
yield an enormous nmnber of 
other substances, used for 
dyeing; and others, such as 
saccharin, which is about 500 
times as sweet as sugar. See 
Fig. 188. 

The Repubhc by-product coke plant at Youngstown, Ohio, 
is equipped with 143 Koppers 13.25 ton ovens built for the com- 
plete recovery of all by-products. The plant has a daily capacity 



Fig. 188 . Percentage of Coke, 
Gas, and Tar from Coal. 
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of 2 800 tons of coal, and produces 1,900 tons of furnace coke, 
140 tons of breeze coke, 61,000 pounds of ammonium sulphate, 
25,200 gallons of tar, 16,000,000 cubic feet of gas, and 8,000 
gallons of benzene. Fig. 189 shows a general outline of the 
distillation of coal. 



The new gas plant at Chicago has 100 Koppers ovens, and 9 
water gas sets, with by-product recovery plant. The gas output 
is 14,000,000 cubic feet of coke oven gas and 25,000,000 cubic 
feet of water gas daily. 

It is claimed that with the Dempster-Toogood vertical retorts 
each ton of coal will yield 22,000 cubic feet of gas and 1,450 
poimds of coke. 
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(See Fig. 191), whereby the solid fuel is converted into gas 
containing 35 to 45% of combustibles — carbon monoxide, 
hydrogen and methane. The fuel is dropped into the producer 
through a bell hopper on the 
top and undergoes distilla- 
tion as in retort distillation, 
evolving hydrogen and meth- 
ane, tarry hydrocarbons, 
carbon monoxide, and small 
quantities of am m onia, hy- 
drogen sulphide, etc. Olefines 
and higher paraffins are so 
rapidly decomposed that 
they do not appear in the gas 
passing out of the producer. 

The coke is gasified in the 
lower part of the fuel bed 
interaction with the ascend- 
ing air-steam blast, yielding 
the mixture of substances 
mentioned above. When dry 
air alone is used, the reaction between the air and the coal is 
shown by the equation G-f 0~^C0 and this may be replaced by 
the reversible reaction shown by the equation 2 CO C + COs- 

The relative proportion of the carbon monoxide and carbon 
dioxide depends upon the temperature, less carbon dioxide 
being evolved at high (1,200® to 1,400®) than at lowertempera- 
tures, and with good coke it is possible to produce a gas contain- 
ing 0.5% carbon dioxide; 33% carbon monoxide ; 1 .5% hydrogen 
and 65% nitrogen. Steam acts upon the carbon in two ways the 
reaction at 500® to 600® being shown by the equation 
C-f2H20--^C02 1 + 2 H 2 T 
which gradually changes into 

C+HaO^CO T +H2 T 



Fig 191. 


The Manufacture of Pro- 
ducer Gas. 
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as the temperature rises, the latter occurring exclusively at 
1,000®, or more. 

816. For Furnace Purposes it is best to have the carbon 
monoxide content as high as possible and not more than 12 to 
14% hydrogen. For some uses the gas must be purified by 
passing it through a water spray to remove the dust and tarry 
vapors; through a solution of ammonium sulphate containing 
about 5% free acid to remove the ammonia, the solution flowing 
in a direction opposite to that of the gas; then over dry coke to 
remove the sulphate liquor. From coal containing 1.2 to 1.25% 
nitrogen it is possible to recover 90 to 100 pounds of ammonium 
sulphate per ton, and to produce 140,000 cubic feet of gas con- 
taining 16.5 to 17% carbon dioxide; 10.5 to 11% carbon mon- 
oxide; 26.5 to 27% hydrogen and 2.6 to 2.8% methane. 

816, Blast Furnace Gas, produced in smelting iron ore, is 
generated at the rate of 168,000 cubic feet per ton of ore when 
coke is used as fuel. It is approximately 12% carbon dioxide; 
30% carbon monoxide, (including 0 5 to 1.0% hydrogen); 
and 58% nitrogen, and has a calorific value of 24 to 25 large 
calories per cubic foot. From a furnace producing 1,000 tons of 
pig iron per week this means 1,000,000 cubic feet of gas per 
hour, the potential energy of which is about 45% of the energy of 
the coke used, and is sufficient to supply the heat necessary to 
operate blowing engines, gas engines for operating dynamos, 
heating the stoves that supply the blast, etc. The gas leaving 
the top of the furnace has a temperature of about 300® and is 
heavily charged with dust. The latter is removed by (1) dry 
cleaning with any dust catcher, reducing the dust to 2 to 8 
grams per cubic meter; (2) preliminary washing by passing the 
gas through a cylindrical steel chamber in which revolves a 
horizontal shaft, carrying a series of circular discs of thick wire 
with a coarse mesh, the lower half of which is submerged in 
water, and the gas is partly cleaned by passing through the 
water films, reducing the dust to 0.5 gram per cubic meter; and 
(3) final washing by a centrifugal apparatus, in which the gas is 
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violently churned with a fine spray or stream of water. Some- 
times only the first and third methods are used, but the dust 
must, in any case, be reduced to about 0.01 gram per cubic 
meter before it can be used in engines. 

817. Water Gas is made by blowing air through a bed of 
incandescent coke until a high temperature is reached, followed 
by blowing steam through the incandescent mass as long as 
carbon monoxide is formed, by the equation 
C-hH>0”^C0 i -fH> T 

Without the formation of carbon dioxide 



Fig. 192 The Manufacture of Water Gas. 


When the latter reaction begins the steam and gas valves are 
closed and the air and stack valves are opened. Air is again 
blown in until the temperature is high enough to bring about 
the first reaction. Usually the air is blown in for about one 
minute and the steam for about four minutes. With average 
coke 32 cubic feet of gas can be produced per pound of coke 
used or 64,000 cubic feet per ton. The average composition is 
theoretically 50% each of carbon monoxide and hydrogen, but 
the actual average composition is 4% carbon dioxide; 43% 
carbon monoxide; 49% hydrogen; 0.5% methane; and 3.5% 
nitrogen with a net calorific value of about 75 large calories per 
cubic foot. 
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For Illumination water gas is very poor unless it is enriched by 
the addition of hydrocarbons — ethane, ethylene, acetylene and 
benzene — ethylene and benzene being the most important. 
Carbureting is brought about by passing the gases from the 
generator to the carburetor where they come in contact with a 
stream of oil, which is decomposed by passing over hot “checkei' 
work’' of fire bricks with w^hich the carburetor is filled. 

818. The following table shows a brief comparison of the 
different kinds of gas used for heating: 


Kind of go,s 

Net calor- 
ies per 
cu. ft 

\ 

Volumes of 
air to burn 
one volume 
of gas 

Vols of gas and 
air in cu. ft 

1 equired for 25 
calories or 100 

B. T. U. 

Volume of prod- 
ucts including 
water per 25 
calories or 100 
B. T. U. 

Blast furnace 

25 

0 715 

1 715 

1 565 

Producer 

37 5 

1 216 

1 480 

1 357 

Water 

72 5 

2 200 

1 100 

0 953 

Coal 

147 5 

5 440 

1 100 

1 050 



F iG. 198. A Pyrometer for Measuring 
High Temperatures. 


819. High Temperatures 

are measured by pyrometers 
or by Segar cones. In the 
radiation pyrometer, (shown 
in Fig. 193) the rays of heat 
from the furnaces or molten 
substance, enter the py- 
rometer tube, are reflected 
from a concave mirror to a 
sensitive thermocouple, the 
temperature being indicated 
by a milli-volt meter, gradu- 
ated in temperature degrees. 
The Segar cones (Fig. 194) 
measure temperatures from 
600^ C. to 2,000*=* C. Cones 
having different numbers for 
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identification melt at different temperatures, the melting points 
for consecutive cones differing by 20 to 50°. 



Fig 194. Segar Cones, Melting at Different 
Temperatures. 


The highest temperatures obtainable with different fuels 
have been stated to be 


Fuel 

Bunsen burner with plenty of air 

“ not enough air 

Alcohol 

Acetylene 

Hydrogen free m air 

Oxy-coal gas with blow pipe 

Oxy-hydrogen ‘‘ “ “ 

Oxy-acetylene 

Electric arc 

Sun 


Temp C, Temp. F 


1871 

1712 

1705 

2548 

1900 

2200 

2420 

3000-4000 

3760 

7800-10000 


3400 

3114 

3101 

4618 

3452 

3992 

4388 

5432-7232 

6800 

14075-18000 


Only under the best conditions can these temperatures be 
obtained, so that they are usually less than the ones given in 
the table. 

The reason for the high temperature of the oxyacetylene flame 
is that we have the positive heat of decomposition added to the 
heat of the oxidation of the carbon and the hydrogen. When a 
gram molecule of acetylene decomposes 

C2H2-^2C+H2 
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58; 100 calories (small) are evolved, and when it burns with 
oxygen 

2C2H2H-502-^4C02 T + 2 H 2 O 

the heat of combustion is 4 X 96480 for the carbon, and 4 X 28800 
for the hydrogen, so that the total is more than can possibly be 
obtained from the oxyhydrogen flame. With the oxyacetylene 
flame steel 6 inches thick may be melted in less than one minute. 

820. Gas Mantles originated from the discovery that a piece 
of dense lime held in an oxyhydrogen flame gave rise to intense 
incandescence. This is known, as the oxyhydrogen, calcium, 
lime or Drummond light, but it was not until 1883 that Wels- 
bach discovered that oxides of rare metals emitted intense light 
when heated to incandescence. 

In 1886 Welsbach patented the use of thorium oxide either 
alone or combined. Thorium oxide alone does not emit much 
light and the light he obtained was due to cerium oxide present 
as an impurity, so that later patents covered the use of thorium 
oxide with one or two per cent of oxides of rare metals including 
cerium, so that the commercial mantles are now 99% thorium 
oxide and 1% cerium oxide. Thorium nitrate is converted into 
the oxide by heating, and swells to ten times the original volume, 
containing minute air cells. If more than 1% of cerium oxide 
is used the intensity of the light decreases, until when it is 
present to the extent of 10% no light is emitted. Cerium nitrate 
does not expand when heated to the oxide, so that although 
present as 1% by weight, it is only 0.1% by volume. (Fig. 195.) 

The original mantles were made of cotton. They were 
knitted, cut into lengths, folded over and fastened with an asbes- 
tos loop, then dipped into a solution of the two nitrates. They 
were then passed through rollers to squeeze out the excess of the 
solution, leaving enough to form 0.5 to 0.7 gram on the finished 
mantle. The cotton was then burned out leaving a skeleton of 
the oxides. It was then dipped into a solution of collodion, 
20 parts; ether, 18.3 parts, castor oil, 0.96 part; and camphor, 
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1.5 parts, the last two to prevent over-contraction in drying. 
They were then dried, trimmed and packed. 

When ramie fiber is freed from its glutinous coating it can be 
woven into a silk-like material and made into mantles similar to 
the collodion fiber, so that it has practically displaced cotton. 

In using a mantle the ratio of air to gas should not be less 
than 2.2 to 1 otherwise some methane escapes combustion in the 
inner zone of the flame and burns wdth carbon monoxide and 
hydrogen in the outer zone producing a sooty deposit of carbon 
which rapidly destro 3 "s the mantle. 



Fig. 195 The Manufacture of Gas 

Mantles Fig. 196 The Up- 

right Burner 


The mantles are used with special burners. Fig. 196 shows the 
section of an upright burner; Fig. 197 shows the section of an 
inverted burner; and Fig. 198 shows a modern reflex lamp 
complete. 

One explanation of the action of the thorium and cerium 
oxides is that thorium oxide is a good non-conductor, has a 
low specific heat and low radiating power and can, therefore, 
be raised to the flame temperature. Cerium oxide has great 
radiating power and cannot be raised to the temperature neces- 
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sary to give light. When mixed, the cerium oxide particles are 
so insulated by the large excess of thorium oxide (1 to 1,0*00 by 
volume) that it is brought to the temperature of the flame and its 
catalytic action upon an air and gas mixture seems to focus the 
combustion of the extremely attenuated flame gases upon the 
widely separated cerium oxide particles and therefore raises 
them to a far higher temperature than the mantle. The addi- 
tion of more cerium oxide produces a rapid cooling, so that by 



Fig 197. The Inverted 
Burner. 



Fig. 198. The Modern 
Reflex Lamp. 


the time 10% is reached no more light is given than from a 
mantle made of thorium oxide alone, but there is a greatly 
increased heat radiation. 

821. Pintsch Gas, used in railway coaches, is made in a 
manner similar to the manufacture of coal gas, with the excep- 
tion that naphtha is used instead of bituminous coal as the source 
of the gas. After purification the gas is dried by being pumped 
through a cylinder which causes expansion and therefore loss 
of moisture. It is then forced into large tanks from which it is 
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drawn into smaller tanks or storage cylinders. The gas gives 
an intense white light and loses but little illuminating power by 
being compressed for shipment. 
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CHAPTER XXXIV 


PAINTS, OILS AND VARNISHES 

822. Paint Consists essentially of an oil containing a 
metallic salt in suspension, of such a consistency that it may be 
easily spread with a brush, and should dry with moderate 
rapidity, which may be hastened by the use of a drier, but the 
drying should not be so rapid as to cause cracking. It may be 
said that the paint contains a vehicle, a pigment and a drier. 

Paints are Distinguished from Dyes by the fact that in paint- 
ing only the surface is covered, while a dye stains the material 
throughout. 

823. Oils are Classified according to their source as animal, 
vegetable and mineral; for use they are classified as non-drying, 
semi-dry mg and drying. 

Non-drying Oils are those like olive, sperm, whale, cocoanut, 
lard, etc., which on exposure do not change, or at least become 
only slightly thicker. They are not good for paints but are used 
for the lubrication of machinery. 

Semi-drying Oils include a few of the common oils like cotton- 
seed and corn. On exposure they become more viscous and 
gummy, but never dry hard. They are good for neither painting 
nor machinery, but may be used as foods, in the manufacture 
of soap, etc. 

Drying Oils such as linseed, poppy seed, Chinese wood or tung, 
hempseed and walnut will, when exposed to the air, especially in 
thin coats, absorb oxygen and form a hard firm mass, good for 
paints but not good for machinery. 

824. Oils may be Considered as glycerides of fatty acids. 
Most Oils contain two or more acid radicals. On saponifi- 
cation with an alkali glycerin and a soap are formed. The 
acids present, to a greater or less extent in all oils, are oleic, 
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stearic, and palmitic, while others are found only in special 
oils, of which they form the characteristic constituent, as linolic 
in linseed oil, ricmoleic in castor oil, etc. Oleic is by far the 
commonest of all fat acids and when combined with glyceryl 
it forms olein, the fluid constituent of almost all oils, as well as 
pork fat. 

Ltiiohc and Lznoletc acids aie characteristic of linseed and 
other drying oils, and form soaps like the acids of the stearic 
and oleic series of acids, but more soluble in water. 

826. Drying Oils are comparatively few, and of these the 
best is linseed. Chinese wood oil or tung oil is used to some 
extent; poppyseed and walnut oils are used by artists on account 
of the light color, but are too expensive for ordinary use. Hemp- 
seed is used in Russia, and Menhaden fish oil is used to some 
extent in the United States. Other drying oils are of little 
interest. 

826, Linseed Oil is derived from flax seed which is &i*st 
cleaned to free it from dirt and other seeds. The seed is then 
crushed, heated and pressed, first with a pressure of 750 pounds 
per square inch, and then with a pressure of two tons, giving a 
yield of oil equal to about 30% of the weight of the seeds. The 
crude oil contains the glycerides of the linseed oil acids, water, 
mucilage, albumen, etc., coloring matters of the chlorophyll 
group, giving varying shades of green and brown to the oil. 
The oil is then refined to rid it of the water, mucilage, albumen, 
etc., and may be left in large tanks, warmed to 100° to 110° for 
3 to 6 months, when the impurities settle out as a sediment, 
called 'Toots” and the clear transparent oil, possibly highly 
colored, is on top. The method is slow and not often used, but 
it gives the best oil for varnish making. 

A More Rapid Process is to warm the oil with a steam coil to 
150° to coagulate the albumen, filter it through a filter press and 
treat it with 3 pounds of sulphuric acid for every 1 12 pounds of 
the oil, the acid being diluted with an equal volume of water. 
This takes out the albumen and coloring matter. Air is blown 
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through to mix the oil and acid, and after standing the acid 
settles to the bottom and is drawn off. Clean warm water is 
added to remove the last traces of the acid. 

827, Raw Linseed Oil is oil made as above. It has a char- 
acteristic odor and taste. Its specific gravity varies from 0.932 
to 0.937 with an average of 0.935 at 60° F. Linseed oil when 
exposed to the air gradually absorbs a large proportion of oxygen 
forming a new compound of resinous character that has not been 
fully studied. 

828. Boiled Oil has greater drying powers than the raw oil. 
It is of three kinds, (1) fire boiled; (2) steam boiled; and 
f3) so-called cold boiled. 

In fire hothng the oil is placed in large iron pans and the heat 
13 gradually and carefully applied until a temperature of about 
500° F. is reached. It is boiled for a half hour and small quanti- 
ties of driers are added from time to time for a period of three 
hours. Driers will be more fully described in §835 . The average 
amount required in fire boiling is about 5 pounds of drier per 
ton of oil. After boiling for another hour the oil is allowed to 
cool over night. The clear oil at the top is sold for the manu- 
facture of paint, and the lower part, known as ^^boiled oil foots’’ 
is used for putty or in cheap ready mixed paints. During the 
boiHng, water and irritating vapors of acrolein, formic acid 
and acetic acid are given off. The amount of color in the boiled 
oil increases with the temperature and depends to some extent 
also upon the nature of the drier used, manganese dioxide giving 
the darkest oil, while lead monoxide (litharge) and lead tetrox- 
ide (red lead) give an oil not as dark as the manganese, but 
darker than the other driers that are used. 

In steam hailing a double cased iron pan is used and steam 
is admitted between the walls. The oil is heated for about two 
hours to about 210° F., and is stirred well. Then the driers are 
added gradually. The heating is continued and air is forced 
through the oil for 6 to 8 hours. From pound of drier is 

required for each 100 pounds of oil boiled by this method. The 
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oil IS lighter in color and gives a more elastic coat than the fire 
boiled oil. There are several modifications of these methods. 

The third method has several modifications but one will 
illustrate. The raw linseed oil is mixed with a solution of man- 
ganese linoleate in turpentine, and the oil is then sprayed into a 
room filled with ozonized air, the spraying being repeated several 
times. A quick drying oil is obtained, which is paler in color than 
the raw oil and dries with a more elastic coat than the ordinary 
boiled oil. 

829. Properties of Boiled Oil. Boiled oil is usually a slighth' 
viscous liquid of a reddish color. It has a peculiar odor. The 
specific gravity varies from about 0.940 to 0.950, averaging 
about 0.945. Boiled oil dissolves in turpentine, petroleum 
spirit, shale spirit, benzene, carbon disulphide, and other similar 
solvents. It may be saponified completely when boiled with 
either sodium hydroxide or potassium hydroxide. Boiled oil is 
rapidly oxidized when exposed to the air in thin layers, but it is 
usually mixed with a little raw oil so as to make the coat more 
elastic. 

830. Adulteration of Linseed Oil is common, the chief adul- 
terants being mineral and rosin oils. The great difference in the 
cost of mineral oil and linseed oil make the former one of the 
most commonly used adulterants. If the specific gravity of the 
raw oil is less than 0.930, it is probably adulterated with mineral 
oil; while if it exceeds 0.937, it is probably mixed with rosin oil 
The flash point of linseed oil is about 500° F. Rosin oil flashes 
at 300° to 330° and mineral oil at 380° to 420°. The detection 
of other fatty oils is much more difficult. 

Boiled Otl Substitutes, some of which are patented, are offered. 
They may consist of mixtures of boiled oil, rosin, turpentine, 
and rosin oil, or are more like a varnish, being made by melting 
rosin, mixing it with hot oil and thinning with turpentine 

Other Drying Oils are not used in house painting in the United 
States, in large quantity. Most of them are too expensive, and 
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are used for painting pictures, where the cost of the material does 
not enter so largely into account. 

831. Thinners, or Solvents, are liquids such as turpentine, 
coal-tar naphtha, petroleum spirit, benzene, methylated spirit, 
etc., having a comparatively low boiling point, and easily 
distilled. 

832. Turpentine, also called spirit of turpentine, oil of tur- 
pentine, or by painters, '^turps,^' is derived from various species 
of pine trees. American turpentine is obtained from the Georgia 
pine, found largely in North and South Carolina, Georgia and 
Florida. During the winter the trees are boxed — that is , a cavity 
IS cut into the side of the tree about a foot from the ground, the 
boxes having a capacity of two or three pints. (Fig. 199.) Resin 



flows from the cut surface, 
and the crude resin is distilled 
in a steam still heated by 
fire, the steam being passed 
through a steam pipe. The 
turpentine passes over 
through the condenser and 
the residue is rosin. The 
turpentine is often purified 
by a second distillation. If 
a sample of turpentine is dis- 
tilled in the laboratory it will 
be found to boil at about 150° 
to 160° and if the sample is of 
a high grade it will all pass 
over before the temperature 


Fig. 199. Boxing Trees for Tur- 
pentine 


has reached 170°. In low 
grades a small amount of 
rosin is left in the retort. 


833. Properties of Turpentine. Commercial American tur- 


pentine is a water white, limpid liquid with a peculiar and char- 


acteristic odor that distinguishes it from all other bodies. The 
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specific gravity varies from 0.864 to 0.873, averaging about 
0.867. Turpentine burns readily with a smoky flame. Its flash 
point is 36° to 38°. It mixes with ether, carbon disulphide, alco- 
hol, benzene, petroleum spirit, but not with water. It is a good 
solvent for oils, fats and resins. Turpentine absorbs oxygen 
slowly from the air causing it to become thick, and prolonged 
exposure will cause it to become resinous, while a part of the 
turpentine volatilizes. In painting, the turpentine is spread out 
in a very thin layer and there is a higher percentage of volatiliza- 
tion, with a more complete oxidation of the residue. This resin- 
ous residue acts as a binding agent to fasten the pigment to the 
surface of the wood. 

834 . Substitutes and Adulterations. Many substitutes for 
turpentine may be obtained, consisting largely of the sub- 
stances used to adulterate the genuine article. These substances 
are petroleum spirit, shale naphtha, rosin spirit, and coal-tar 
naphtha. Usually the fact that the turpentine is adulterated, 
and the nature of the adulteration may be easily detected, but 
the amount of the adulteration is not so easy to determine. 
Changes in the specific gravity and in the temperature of 
distillation are indications of adulteration. A lowering of the 
two would indicate petroleum spirit and shale naphtha, while an 
increase in the distillation temperature covering a wide range, 
and an increase of the specific gravity would indicate rosin 
spirit. 

Romi Spirit is the best substitute for turpentine known. The 
rosin is distilled in superheated steam, and a limpid, water 
white to straw colored liquid is obtained, having a peculiar 
and characteristic terpene odor. Its specific gravity varies 
from 0.876 to 0.883 but it is always heavier than turpentine. 
Exposed to the air it acts the same as turpentine but not to the 
same extent. If the rosin spirit is not carefully prepared it will 
contain traces of rosin oil which will prevent its drying properly. 

Shale Spirit or shale naphtha, is obtained from the distillation 
of shale. The first product is redistilled and this is further 
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purified by treatment with sulphuric acid to remove the basic 
impurities and then with sodium hydroxide to remove the acid 
impurities, and is then redistilled. Three products are obtained, 
one of them being green naphtha, which is treated with sulphuric 
acid and sodium hydroxide and redistilled, 3 delding shale naph- 
tha, a water white, very limpid liquid, the yield being about 
5% of the crude oil. Its specific gravity varies from 0.730 to 
0.760. It is highly inflammable, and very volatile and evapo- 
rates without leaving any residue. It is a good solvent for many 
of the oils and gums, especially when the latter have been par- 
tially decomposed by fusion. It is a fairly good substitute for 
turpentine. 

Petroleum Spirtt, commonly known as benzine, "(not benzene), 
is obtained from the distillation and refining of the products 
obtained from petroleum- The distillation products of petro- 
leum are more fully described beginning with §808. 

Coal-tar Naphtha is one of the many products obtained from 
the distillation of coal tar. It is not used to any extent in paints, 
except as an adulterant or substitute, but is used in varnish 
making. It is a water white liquid whose specific gravity varies 
from about 0.865 to 0.877. When distilled, from 8 to 30% 
passes over at a temperature below 130°, and usually 90% 
passes below 160°. 

Methylated Spirit is a mixture of 90% ethyl alcohol with 10% 
of methyl alcohol. Both of these compounds are fully de- 
scribed beginning in §695. It is used largely in making spirit 
varnishes- Ethyl alcohol is frequently called spirit of wine. 
The alcohol frequently met with in commerce is called rectified 
spirit of wine and contains 86% of real alcohol. “Proof Spirit” 
contains 49% of alcohol, but is a term that should be discon- 
tinued. 

835. Driers. Many paints containing lead and chromium 
dry much faster than those containing barium, lampblack, 
ultramarine, etc. It was also found that paints to which certain 
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compounds of lead, manganese, etc. were added dried much 
faster than those where these substances were not used. 

The Rapidity of Drying with any drier depends largely upon 
the amount of drier used. Driers that will dissolve readily in 
the oil are more active than those that do not. Among the more 
commonly used driers are 

Lead Linoleate^ made by preparing a neutral soap from linseed 
oil and sodium hydroxide, and pouring this into a solution of 
lead acetate. It dissolves quite easily in hot linseed oil. 

Manganese Linoleate is made by adding a solution of soap 
made from linseed oil to a solution of manganese sulphate. It 
dissolves freely in hot linseed oil and is a most effective drier. 

Manganese Resinate is made by pouring a solution of rosin 
soap into a solution of manganese sulphate. The rosin soap is 
made from rosin and sodium hydroxide. In drying properties 
the manganese resinate resembles the hnoleate. 

Lead Resinate is made by adding rosin soap to a solution of 
lead acetate, or by melting rosin and lead acetate together. It 
is fairly effective. 

Among the Other Driers are many of the lead compounds such 
as lead acetate, the oxides of lead, ferrous sulphate, etc., which 
may be used singly or combined with other driers. A liquid 
drier may be made by boiling linseed oil with a large proportion 
of driers, and mixing with turpentine. It mixes with paint 
readily and is efficient. 

836. Pigments are finely divided, insoluble, colored powders, 
yielding paints when mixed with suitable media. They must 
have (1) body or opacity to conceal the surface; (2) covering 
power; (3) drying quality; (4) durability; (5) color. 

Amorphous powders have greater body than crystals and 
therefore, greater covering power. The dr3dng power depends 
upon the power of oxidizing, or promoting oxidization of the 
vehicle. The permanency is the power to resist the action 
of the sun, air, water, gases, vapors, acids, etc. The color 
depends upon the chemical composition, the molecular constitu- 
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tion, the physical condition, the mode of production, washing, 
etc. 

837. White Pigments. White lead (§459 If.) is the most 
common white pigment. This is a basic carbonate of lead. The 
hydroxyl of the compound combines with the oil forming a white 
elastic coating, and the CO3 gives opacity. It is frequently 
adulterated with barium sulphate, chalk, calcium sulphate, 
clay, lead sulphate, etc. The great objections to the use of white 
lead are that it is poisonous and that it darkens when exposed 
to the action of hydrogen sulphide. There are many substitutes 
for white lead on the market, those above and zinc oxide, zinc 
sulphate and zinc sulphide being the most common. These are 
used either with white lead or without it, and are often mixed 
together in varying proportions. 

Lithoponej called also lithophone, Orr^s white, Charlton white, 
or Beckton white, is approximately 70.5% barium sulphate 
and 29.5% zinc sulphate, and prepared by precipitating barium 
sulphate with zinc sulphate, washing, pressing, drying and 
firing. It is not affected by hydrogen sulphide and has con- 
siderable body, permanency and fineness of tint. Sulfopone is 
similar, consisting of zinc sulphate and calcium sulphide. 

Sublimed white lead is about 75% lead sulphate, 20% lead 
oxide, and 5% zinc oxide. It shows absence of crystals and 
remarkable uniformity of grain. It makes a very durable paint. 

Different Names are often applied to the same pigment. Very 
fine white lead, when pure is known as Flake white, Berlin 
white, Silver white, and Krems white, Venice, Hamburg and 
Dutch whites are mixtures of white lead and barium sulphate 
in different proportions. Blanc fixe, Baryta white. Fast white, 
and Permanent white are barium sulphate. Strontium white 
is strontium sulphate. Magnesia white is a mixture of mag- 
nesium oxide and magnesium carbonate. Calcium carbonate 
is known as Spanish white, Paris white or whiting. Zinc oxide 
is called zinc white or Chinese white. This substance is increas- 
ing in favor and has a fair covering power. It does not change 
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color in the presence of hydrogen sulphide, since the zinc sul- 
phide produced is white. It can be used with either oil or water 
and is non-poisonous. Calcium sulphate is said to increase its 
covering power. 

838 . Yellow Pigments including the yellow ochres, Stone 
3^ellow, Roman yellow, mineral yellow, etc., are argillaceous 
earths containing varying proportions of hydrated ferric oxide, 
and are very durable and trustworthy. Salts containing chro- 
mium are used in a large number of yellows. Among these are 
Siderian yellow, Fe2(Cr04)3, chrome yellow, or lead chromate, 
PbCr04, or the latter substance mixed with lead sulphate. 
Orange chrome yellow is lead chromate with lead oxide, 
PbCr04.Pb0. Cologne yellow is a mixture of lead chromate, 
lead sulphate and calcium sulphate. The chromates of stron- 
tium, barium and zinc are durable but have little body. Lemon 
yellow is barium chromate and is one of the most important of 
these compounds. 

839 . Red Pigments. Among these are Vermilion or 
cinnabar, HgS, which is moderately permanent in oil, but is too 
expensive. Minium or red lead, Pb 304 , is not permanent. 
Indian red, Venetian red, rouge, colcothar, and bole are ochres 
and durable. Chrome red, a basic lead chromate, and chrome 
orange, a mixture of normal and basic lead chromates, are both 
unstable. Vandyke red is copper ferrocyanide, Cu2Fe(CN)6. 

840 . Green Pigments include many of the salts of copper 
such as malachite or mountain green, CuC03.Cu(0H)2; Schwein- 
furt or emerald green (copper aceto-arsenite) 3 (CuAs 204 )-" 
Cu(C 2H302)2; Brunswick green (copper oxychloride) CuCla.- 
3CUO.4H2O; verdigris, (copper basic acetate) 2Cu(C2H302)2“ 
CuO.OHsO; and Scheele's green, a basic arsenite of copper, now 
little used. All copper greens are darkened by hydrogen 
sulphide and are poisonous. 

Chromium compounds used as greens are permanent and full 
bodied. Guignet^s green, chrome emerald green etc., are 
hydrated sesquioxides of chromium with the phosphate or 
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borate of chromium. Rinmann^s green, cobalt green or zinc 
green are cobalt oxide with zinc oxide. There are many unstable 
greens of vegetable origin, but they have little value as pigments. 

841 . Blue Pigments. One of the most important of the 
blues is Prussian or Berlin Blue. This may be formed by the 
addition of a ferric salt solution to potassium ferrocyanide, 
when a dark blue precipitate will be obtained. It is rathoi hard 
to free the precipitate from potassium salts, but the equation for 
the reaction may be written 

4FeCl3 4-3K4Fe(CN)6->Fe'"4[Fe"(CN)6],+12KCl 

Prussian blue has a deep greenish-blue tint, there being no 
other bhie having either the same depth of color or the same 
shade or tint. When dry it has a bronzy appearance, which is 
greatest when the blue is pure and this is especially charac- 
teristic of Chinese blue. Prussian blue is exceedingly hard and 
difficult to grind, but in order to develop its coloring powers to 
the greatest extent it must be ground as fine as possible, and 
this naturally leads to the use of blues more easily ground, such 
as Brunswick blue. The latter is made from barium sulphate by 
the addition of iron sulphate and potassium ferrocyanide, the 
depth of color being dependent upon the amount of the iron and 
potassium salts used. Antwerp blue is a light tinted Prussian 
blue. 

Indigo, C16H10N2O2, is a vegetable color and fades on exposure. 

Native C/ftramanneispulverizedlapislazuli. Itisan excellent 
and stable color but is costly. Artificial ultramarine is com- 
posed of the silicates of aluminum and sodium with sodium sul- 
phide. It is nearly equal to the native compound, and much 
less expensive. The formula for the artificial ultramarine is 
Na4(NaS3Al)Al2(Si04)3- Both the native and the artificial 
ultramarines are permanent in the absence of acids. 

Cobalt blue is an aluminate of cobalt. Smalt, zaffre, royal 
and Saxony blues are glasses colored by cobalt oxide. Copper 
bhies are of little value. 
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842. Brown Pigments. Vandyke, Rubens, Cassel and 
Cologne browns are partly vegetable. They are prepared from 
peat, cotton, soot, etc., and bituminous matter is often present. 
There are several Vandyke browns, but only those prepared by 
calcining highly ferruginous brown ochres, or consisting of a 
dark tinted form of colcothar are permanent. Burnt sienna and 
raw and burnt umber are earths used either in the raw state or 
calcined. Most of them are durable and rehable. There is no 
standard composition for these compounds, but they owe their 
color to limonite, a hydrated oxide of iron. This is mixed with 
aluminum silicate, lime, barium sulphate, etc. The amount of 
iron present is not as important as its physical condition, how it 
is combined with the other substances, etc., the amount varying 
from 11 to 33%. The ochres are among the most durable pig- 
ments. They do not affect other pigments and are not affected 
by them. They can be used in all vehicles and for all kinds of 
work. When the ochres are heated the color turns to red and 
they are then sold as Venetian red, Indian red, etc. The change 
of color is due to the passage of the iron compounds from the 
hydrated to the anhydrous condition. Siennas resemble the 
ochres, but are browner in color, due to limonite. They also 
contain a little manganese and organic matter. 

843. Black Pigments. Ivory black, bone black and lamp 
black are more or less pure carbon. Blue black, Frankfort black 
and drop black are made from vine twigs, ivory cuttings, bone 
shavings, peach stones, etc., and are calcined until completely 
charred. Manganese black is made from manganese dioxide. 
All of these blacks are very durable. 

hi General the ochres, lamp black, red lead, white lead, zinc 
oxide, Prussian blue, barium sulphate, chrome yellow, orange 
and red, vermilion and the commoner copper greens are the 
most important in house paints, Wliite lead is usually present in 
the greatest amount and the others are known as stainers. All 
compounds of copper, lead, bismuth and some of mercury 
darken when exposed to the action of hydrogen sulphide. Colors 
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that are in part or wholly of organic origin fade on exposure 

by oxidation. Those not affected by water, such as barium 

sulphate and zinc oxide, usually have less covering power. 

844. The following shows the composition of two paints as 

stated by the manufacturer: 


L Lemont stone 


. Pigment 

. 59.10% 

Liquid 

40.90 

Pigment contains 


Sublimed white lead . . . 

46.97 

Zinc oxide 

44.92 

Calcium carbonate . . 

. 4.92 

Coloring matter ... 

3.19 

The liquid portion contains 


Turpentine and Japan drier 

11.79 

Linseed oil 

88.21 

The tinting colors are 


Yellow ochre 


20% ferric oxide 


80% aluminum silicate 


Lamp black 


II. Porch gray 


Lead 

. . 23 85% 

Zinc oxide 

22 85 

Calcium carbonate 

. 2.50 

Naphtha 

. 6 38 

Varnish • 

. 15.95 

Japan drier 

. 9.90 

Coloring matter 

.26 

Linseed oil ... . 

. 18.31 

The tinting colors are 


Chrome yellow, PbCr 04 


Carbon (Lamp black) 


846 . Miscellaneous Paints. Distemper Painting is a term 

applied to the painting of absorbent surfaces, such as plaster. 
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This work requires a priming of white lead, or whiting ground 
in water and mixed with a little glue. 

Luminous Paints depend for their action upon the presence of 
phosphorescent sulphur compounds of strontium, barium or 
calcium, sometimes with bismuth, tungsten, etc. These are 
calcined and mixed with the medium. Calcium tungstate gives 
a powerful luminous paint. Special luminous paint for watch 
hands and dials is described in Chapter 23. 

Fire-proof Paints all contain asbestos, while many of them 
contain alkaline silicates, borax, fluorspar, glass, etc. 

Water-proof Paints contain lime, crushed flint and marble, 
sawdust, shellac, asphaltum, gutta percha, residues from 
petroleum distillation, etc., in addition to, or as a substitute for, 
some of the ingredients of ordinary paints. 

Anti-fouling, Anti-corrosive, or Preservative Paint for the 
bottoms of ships, iron surfaces, etc., contain resinous constitu- 
ents and resemble varnishes. Iron oxide, pitch, shellac, colo- 
phony, tannin, silicates, etc., are common ingredients. An 
emulsion of tar and clay is said to be a highly protective 
coating for iron and wood. 

Washable Paints, Most distemper paints are not washable, 
but if sodium silicate, casein, butter-milk, or other similar 
substance is added, and the miscibihty is increased by the addi- 
tion of soap, the paints are washable when dry. 

Enamel Paints are brilliantly colored, yielding smooth and 
lustrous coatings. They consist essentially of an oil varnish 
ground up with finely divided pigment and thinned by tur- 
pentine. 

Special Paints include gold, silver, aluminum and other 
paints. Gold paint is bronze powder in a solution of celluloid 
in amyl acetate and acetone while in aluminum paint, now 
widely used, finely powdered aluminum takes the place of the 
bronze powder. 

846. Varnishes are liquid bodies which, when applied to a 
surface by means of a brush, dry more or less quickly, and leave 
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a highly lustrous coat of a very durable character. There are 
two kinds of varnishes, oil varnishes and spirit varnishes. Oil 
varnishes are exceedingly durable but are slower in drying than 
the spirit varnishes, the latter making use of more volatile 
solvents. 

The materials used in making varnishes include drying oils, 
solvents or thinners, gums, driers and coloring matters, 

847. Gums include all exudations coming from various trees, 
first as a liquid, that soon sets into a more or less hard mass, 
but there are at least three divisions of gums — (1) Gums proper; 
(2) Resins; (3) Rubbers. .Among the gums of the first class are 
gum acacia, or gum arabic, the best varieties being used for 
pharmaceutical preparations, confectionery and other purposes, 
while the common varieties are used for mucilage, | varnish 
making and in the textile industry; gum tragacanthy not suitable 
for varnishes, but used in pharmacy, in calico printing, etc.; 
British gum or dextrin y prepared by heating starch, either alone 
or with a small quantity of acid, dries with a fair amount of 
gloss and used to some extent in making water varnishes. 

848. Resins are the most important materials for varnish 
making, some being used for no other purpose, while some are 
not suited for the work. They are usually more or less hard, 
brittle, lustrous, generally clear and transparent, insoluble in 
water, but soluble in alcohol, ether, benzol, and other similar 
solvents. Their composition is very complex, and not well 
known, but they are known to be very rich in carbon, poor in 
oxygen, and without nitrogen. 

Resins occur in various formSy in knotty masses, as copal, 
^animi, dammar, etc.; in drops, as mastic; in tears or cylindrical 
pieces, as sandarac; while others come into the market shaped 
artificially, as gamboge, in cylinders; shellac, in thin plates; 
dragon’s blood, in thin sticks or powder; benzoin and elemi, in 
blocks. 

The Color of Resins in general is pale brownish, but accroides 
is deep yellow, copal is brownish yellow, dragon’s blood is red, 
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shellac is orange, dammar is almost colorless, elemi is usually 
of a grayish tint, asphaltum is dark brown, approaching black. 

The Hard Resins such as hard copals, aniini and amber are 
difficult to melt and make the best varnishes, very fine and 
durable, but difficult to make. Elemi will bend between the 
fingers and soften from the heat of the hand. Animi and amber 
are difficult to break up and when made into a varnish will 
stand a great deal of hard usage, while accroides and rosin are 
brittle and easily reduced to a powder and will not stand much 
wear when made into a varnish. 

849 . Spirit Varnishes are made by dissolving the resinous 
material if used alone in methylated spirit, benzol, turpentine, 
or coal-tar naphtha. The mixture is stirred, without heat until 
dissolved. Usually from 2 to 4 pounds of the resins are dis- 
solved in a gallon of the solvent. 

850 . Oil Varnishes are much more difficult to make. The 
resins, such as copal, anirni, amber, kauri, rosin, etc., are melted 
over a furnace in a copper ^%um poU^ with constant stirring, 
great care being used to have all of the gum melted, but without 
raising the heat too much. Some decomposition of the gum 
occurs and there is a loss of 15 to 25% of the weight of the gum. 
Good linseed oil is heated to 260® C. and poured into the melted 
resin with constant stirring, and keeping the temperature well 
up to this mark for several hours, until a little taken between the 
finger and thumb can be drawn into long strings. It is then 
allowed to cool to about 130® and turpentine is added to make it 
fluid and of the right consistency. The varnish is then stored in 
tanks for several months to allow the materials to become prop- 
erly mixed and to clarify, all the solid materials settling to the 
bottom. 
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CHAPTER XXXV 


PAPER AHD INK 

861. Raw Materials Used in Paper. The raw material 
used in the manufacture of paper is cellulose, derived from rags 
or from wood pulp. Straw is used for some of the cheaper grades 
of paper, and jute and manila hemp for tough wrapping paper. 

862. Preparation of Rag Pulp. The best grades of paper are 
made from rags. The rags come to the papermaker sorted into 
grades. These are picked over and resorted more carefully, 
and all buttons, rubber bands, and other foreign material are 
removed. They are next run through a shredding machine 
which cuts them into small pieces, about an inch square. After 
having all the dust and loose dirt blown out of them, they are 
next conveyed to the rag-cooker, a large cylindrical tank which 
can be sealed shut. Here a mixture of sodium carbonate solu- 
tion and slaked lime is added, giving an alkaline strength of 
1 to 5% and the rags are digested under a steam pressure of 
5 to 60 pounds for some time. This treatment removes any 
pieces of wool or silk which may have been in with the cotton or 
linen rags, and serves to loosen up the dye and to make the 
bleaching much easier. After this treatment the resulting 
pulpy mass is washed to remove the alkali, and it is ready for 
the bleaching process. 

863. Preparation of Wood Pulp. Wood is the most common 
source of pulp for paper making. The annual production of 
wood pulp now reaches about 6,000,000 tons about half of which 
is made in Canada and the United States. Mechanical pulp 
is the cheapest grade and the most quickly made. ^'Chemical 
pulp^^ produces a much better grade of paper making material. 
Fig. 200 shows the splitting of pulp wood for paper making. 

571 
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864. Mechanical Pulp is prepared by grinding up the wood. 
This is done by forcing the wood against revolving grindstones, 
which reduces it to a mass of wood fibers. In the cold process 



Fig. 200. Splitting Pulp Wood for Paper 
Making 


much water is used, which keeps the stone cool and carries 
away the fibers. If the quantity of water is reduced there is a 
considerable rise in temperature due to friction, and the product 
is '%ot ground pulp.’^ The two processes give products of very 
different character, the fibers in the ^^hot ground pulp” being 
much longer, which results in a coarser pulp. The pulp thus 
produced is screened to remove coarse material, pressed to 
remove excess water, and formed into sheets for shipment to 
the paper miU. 

Pulp made by this process contains all of the non-cellulose 
material found in the original wood. It rarely contains more 
than 55% cellulose, and its use is confined chiefly to the manu- 
facture of the cheaper grades of paper. 

866. Chemical Pulp is the name given to pulp prepared from 
wood chips, which have been treated with various reagents to 
dissolve the non-cellulose constituents, leaving a residue of 
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impure cellulose. The resulting pulp has a composition quite 
different from the original wood. It usually contains about 90% 
cellulose, and it makes a very good grade of paper. Chemical 
pulp is classified accordmg to its method of preparation into 
^^sulphite pulp’’ and ''soda pulp.” 

856. Sulphite Pulp. In the sulphite process wood in the 
form of chips is digested in a solution of calcium bisulphite in a 
closed vessel under pressui'e for a considerable period of time. 
The calcium bisulphite is prepared by passing sulphur dioxide 
into a suspension of calcium hydroxide. The resulting solution 
contains an excess of free sulphurous acid. Under this treat- 
ment the non-cellulose constituents of the wood are dissolved, 
leaving a fairly pure cellulose. After a thorough washing the 
pulp is ready for the paper miU. 

Recently attempts have been made to utihze the waste sul- 
phite liquor. It contains many organic compounds of a ketonic 
structure. On neutralizing with lime, aerating, and addmg 
yeast, fermentation sets in, resulting in the production of 
alcohol. On distillation about 15 gallons of alcohol per ton ol 
cellulose are obtained. 

867. Soda Pulp. In the soda process the wood after coming 
from the w'ood chipper is digested in sealed tanks with a solution 
of sodium hydroxide containing about 8% of sodium hydroxide. 
Steam is used for heating and a pressure of 120 pounds is main- 
tained for several hours, which gives a temperature of 170° C. 
Under such treatment the sodium hydroxide dissolves the 
organic acids, resins and other non-ceUulose substances and 
leaves a residue of nearly pure cellulose which has a brown color. 
The sodium hydroxide used, is usually prepared from the action 
of sodium carbonate on slaked lime. The spent hquor is evapo- 
rated to dryness and calcined. The resulting ash contains about 
50% of sodium carbonate, which is dissolved out, and mixed 
with lime for use again. 

858. Bleaching. Bleaching of paper pulp produced by any 
process, is brought about through the use of bleaching powder, 
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or solutions of sodium hypochlorite, produced by the electrolysis 
of sodium chloride. In either case the hypochlorous acid pro- 
duced through the decomposition of the hypochlorite is the 
active bleaching agent. The oxidizing action of this compound 
converts the colored organic compounds in the pulp to colorless 
ones. After bleaching, the pulp is carefully washed to remove 
all traces of the bleaching agents. 

The amount of bleaching powder required is 7% for straw 
to 15% for wood, based upon the unboiled material. Chlorine 
will not bleach the majority of pulps, because it enters into com- 
bination with the fibers, producing yellow colored combination 
products. Magnesium hypochlorite, produced by the elec- 
trolysis of magnesium chloride, is being used for bleaching and is 
said to have a considerably greater bleaching power than calcium 
hypochlorite. 

869. The Beaters. In the paper making process the pulp 
now passes to the beaters. These are large oval tubs about 
twenty feet long, divided into two channels by a central parti- 
tion or ^^midfeather.^^ On one side is a large roll bearing on its 
circumference a series of knives which mesh into a similar series 
on the bottom of the beater. The pulp mixed with much water 
is driven around and around the tub passing between these 
knives until the fibers are completely disintegrated. During this 
process filler, size and color are added and thoroughly mixed in. 
See Fig. 201. 

860. Fillers. China clay and talc are the common fillers 
employed. They are used to fill up the spaces between the 
fibers in the paper sheet and to make it opaque. Since the 
fibers have high absorbing power, it is necessary to cover them 
with a nonabsorbent coating if ink is to be used upon it. The 
materials most commonly used for sizing are rosin soaps, starch, 
casein and glue. The rosin size is a soap made by boiling rosiii 
with sodium carbonate. To every hundred pounds of wet pulp 
about two and a half pounds of rosin size and five pounds of 
filler are added. After a thorough mixing in the beater a solu- 
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tion of alum is added. The excess sodium carbonate present in 
the rosin size precipitates aluminum hydroxide. The aluminum 
hydroxide, being a colloid, precipitates both the suspended filler 
and the size upon the fibers. If it is desired to color the paper 
the color is added at this stage also. Most bleached pulps have 
a slight yellow tinge which is removed by adding some form of 
blue, such as ultramarine, smalt or aniline; or pink, such as 
cochineal or anihne. If it is desired to have a colored paper such 
substances as Prussian blue, chrome yellow, Venetian red, etc. 
are added. 

In its passage to the paper making machine the pulp usually 
passes through a ^'Jordan engine.’’ This machine is made up of 
a cone shaped plug about five feet long, which fits into a hollow 



Fig 201. Beaters for Making Rag Pulp. 

cone in which it revolves. The surfaces of the plug and the cone 
are both fitted with steel bars between w’^hich the pulp receives a 
final grinding. 

861. The Making of the Sheet. The most common type of 
paper making machine is the Fourdrinier machine. The 
essential parts of this machine are the flow box, which contains 
the pulp suspended in water, the screen, on which the sheet is 
formed, and the dryers. 

The flow box to which the prepared pulp has been pumped, is 
mounted above one end of the screen. Slots in the bottom about 
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one tenth of an inch in width allow the pulp to flow upon the 
screen. This screen is an endless belt of finely woven bronze 
wire. Its width depends on the width of the web of paper 
desired, usually from thirty six to two hundred inches. As the 
screen moves rapidly under the slots in the flow box, the pulp 
is deposited in a uniform layer upon it, the water drains through, 
and owing to a lateral vibratory motion the fibers become 

meshed into a tough sheet. 
As the screen moves for- 
ward, the water having 
drained out, the sheet 
becomes sufficiently firm 
to be taken from the 
screen and passed through 
the dryers. These are large 
hollow steam heated iron 
rolls, varying in number 
with the weight of the 
paper, from 10 to 60. The 
wet web of paper passes 
around these heated rolls, 
and the water in it is re- 
moved by evaporation. 
Figs. 202 and 203 show the 

bleaching and drying of paper. 

862. Wove and Laid Paper. The frame in which the pulp 
IS first caught, or the surface upon which the pulp is fed deter- 
mines the texture of the paper. If the surface is smooth and 
even, composed of felt or blanket, the paper will be of uniform 
texture throughout, showing no light and dark figures when 
held against the hght. This is called wove paper. If the frame 
is of fine wire netting, the paper will show little light dots or 
points, very close together, and is called wire wove. If the 
frame is composed of parallel wires it is evident that a greater 
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thickness of paper will be produced where more pulp settles 
between the wires. When such paper is held to the light it will 
nhow alternate light and dark lines, and is known as laid paper. 
When there are only a few light lines the paper is known as 
batonne paper. The laid lines may form geometrical figures, 
such as squares, rectangles, diamonds, etc., or may be wa>vy, 
and to such types the term quadrille paper is often applied. 



Fig. 203. Drying Paper 

863. Watermarks are small designs, such as stars, anchors, 
crowns, flowers, letters, figures, etc., formed from wire or cut 
from metal and soldered to the frame on which the pulp is 
caught. The action of these is precisely similar to that of the 
wires causing the laid lines. Sometimes the watermark is 
very distinct and may be seen by holding the paper to the light. 
Again the watermark may be faint, or if the paper has printing 
on one side may be invisible to the naked eye. The watermark 
may be detected by placing the paper, printed side down, upon 
a black surface and covering it with a few drops of deodorized 
benzine or gasoline. The watermark will then show as dark lines 
against a lighter background. 
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864. The Calender Rolls. The final step is the calendering 
process. To give the paper a smooth fi.nish or a polish it is run 
through a series of rolls arranged in a vertical stack. The 
bottom roll is under very heavy pressure, sometimes as much 
as 40 tons. The bottom roll is directly driven by being coupled 
to a motor; so there is considerable friction due to the inertia of 
the other rolls resting on one another. This friction, together 
with the heat which it produces, acting on the size and filler pro- 
duces a high gloss on the sur- 
face of the paper. In the 
preparation of coated paper, 
before passing through the 
calender rolls, the sheet is 
given a coating of China clay, 
barium sulphate, casein, or 
other coating material. 
Paper thus treated has a 
higher gloss and a finer finish 
than one that has not been 
coated. The paper is next 
wound into rolls or cut into 
sheets and is ready for the 
market. 

In buying paper it is often 

Fro. 204 . An Accurate Machine for desired to test the paper for 
Determining the Thickness of Paper, breaking strength, thickness, 

weight per sheet or ream, etc. 
Fig. 204 shows a micrometer for measuring thickness, and 
Fig. 206 shows a scale for determining weight directly from the 
weight of a small sample cut to a standard size. The gradua- 
tions give the weight in pounds per ream. 

866. Filter Paper is composed of very pure cellulose. It is 
made in many different grades for different methods of filtering. 
For rapid filtering a more porous paper is used, especially if the 
suspended particles are not very fine. Hard, thin papers of close 
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texture are used tor fine precipitates For quantitative work 
papers washed in hydrochloric acid, or both hydrochloric and 
hydrofluoric acids are used, especially in combustions. The 


weight of the ash from a 
single paper is stated on the 
package, so that allowance 
may be made for it. Filter 
paper is sometimes hardened 
by treatment with nitric acid, 
which gives it a hard, smooth 
surface, very tough, and able 
to withstand considerable 
pressure as in vacuum work. 
Filter paper may also be 
hardened and toughened by 
treatment with dilute sul- 
phuric acid, often called 
parchmentized paper. Con- 
centrated acid, however, 
destroys the paper, by re- 
moving the water, leaving 
the black particles of carbon, 
just as when the acid acts 



bto. 205 A Machine for Determining 
the Weight of Paper by the Sheet 
or Ream. 


upon any other form of carbohydrate. 


Inks 

866. Inks Containing Gallic or Tannic Acid. Although 
there are a great many varieties of ink on the market, one of the 
most widely used kinds depends for its color upon the formation 
of iron tannate or iron gallate, produced by the action of tannic 
or gallic acid upon a solution of an iron salt. Gall nuts contain 
gallotannic and gallic acids, and either these or sonae similar 
substance, will yield the acid when covered with warm water, 
and allowed to stand. One formula calls for galls, 1200 parts by 
weight; ferrous sulphate, 800 parts; gum arabic, 800 parts; 
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water, 24,000 parts; creosote, 3 parts. The crushed galls are 
covered with part of the water; the other ingredients are dis- 
solved in the rest of the water, then poured over the galls and 
the mixture is allowed to stand for three weeks. A finer color 
is produced by adding a piece of mouldy bread to the galls, so 
that they will ferment, and allowing them to stand for 8 to 10 
days when boiling water is added to stop the fermentation. The 
liquid portion is drawn off and added to the other materials 
and after a week or 10 days the ink is ready for use. Logwood 
may be substituted for all or part of the galls. 

In oxidized inks the iron may exist as (C14H9O9),? Fe. Fe- 

(Ci4H909)s. 

867. Inks Made From Aniline Dyes are commonly known as 
writing fluids. They may be obtained in all colors, and if the 
correct shade and quality of dyes are obtained the ink may be 
made easily by dissolving the dye in water, either with or with- 
out boihng and filtering, depending upon conditions. When 
properly made they are fast and permanent, flow freely and give 
a fine color. The aniline colors are described more fully in 
Chapter 31. 

Copying ink and hektograph ink contain aniline colors. They 
are used for making copies from an original. As an example of 
hekfcograph ink 10 parts of water soluble blue and 10 parts of 
glycerine may be dissolved in from 50 to 100 parts of water. 

Red ink usually consists of eosine, magenta, or some other 
aniline color dissolved in water. It is easily and cheaply made, 
but usually sells for a higher price than ordinary ink, 

868. Indelible Inks are those that have great durability 
under all conditions. They consist, for example, of India ink 
or lampblack held in suspension in glutinous or resinous liquor, 
such as lampblack in sodium silicate. Indelible pencils may be 
made in part from methyl violet. When moistened they form 
small amounts of methyl violet ink. 

Other permanent inks are made in other ways. Vanadium 
ink is made by adding a small proportion of ammonium vana- 
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dinate to a filtered concoction of galls. It is very permanent 
and requires the destroying of the paper to remove the ink. 

Chrome ink is made by adding 1 part of potassium chromate 
to 1,000 parts of a saturated solution of logwood, containing 22 
pounds to 14 gallons. The chromate should be added gradually 
with constant stirring. The addition of gum is harmful. 

Safety writing ink for checks may be made by dissolving 320 
grains of ferric ferrocyanide, 30 grains of oxalic acid, 10 grains 
of magnesium sulphate and 30 drops of Turkey red oil in 1 
quart of water. 

869. Fugitive Inks are inks that wash out easily, shov^ing at 
once if the writing has been tampered with. Such inks are used 
for printing in faint letters the full face of a check, or part of the 
design of a postage stamp. When moistened the ink disappears 
or blurs in such fashion that the article is worthless. One sub- 
stance that may be used for such purpose is cobalt sulpho- 
cyanate, which gives a rich dark blue color when concentrated, 
but disappears at once when wet with water. Similar to this 
IS cobalt chloride often used for sympathetic ink. (See §437.) 

870. Printer’s Ink, when made in the most approved man- 
ner, consists of lampblack in linseed oil varnish, but many cheap 
substitutes are offered. Oils or resins with soap are used instead 
of linseed oil, or mineral oil, rosin oil, etc., are substituted. 
Printer’s ink may be colored white by the use of barium sulphate 
instead of lampblack; red by the use of orange lead, vermilion, 
burnt sienna, Venetian red, etc.; yellow by lead chromate, 
yellow ochre, etc. ; blue by cobalt, Prussian blue, indigo, Chinese 
blue, or ultramarine; green by chrome green, cobalt green or by 
mixtures of yellow and blue; purple by mixtures of red and blue; 
deep brown by burnt umber and a little scarlet lake; lilac by 
cobalt blue with a little carmine; pink by carmine or crimson 
lake. The use of bronze, gilt and aluminum powders applied to 
the fresh inked surfS^ce of the finished printing gives a fine 
metallic finish. 
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CHAPTER XXXVI 


LEATHER AND TANNING 

871. Tanning consists of treating animal skins with certain 
infusions of vegetable tannins so as to change the gelatinous 
tissues into a tough, non-decaying substance, known as leattier. 

Fresh hides and skins contain from 50 to 70% of water and 
m order to reduce the weight may be dried. As hides reach the 
tanner they may be fresh, dried or salted, either with or without 
the addition of arsenic trioxide to prevent the ravages of insect 
pests. 

872. Preliminary Treatment. The hides are first freed from 
blood and dirt and softened. This latter operation is easier 
with fresh hides than with those that have been dried. If hides 
are soaked in plain water for softening, a tough hide may require 
two or three weeks of continuous soaking in water that is not 
changed frequently before becoming soft. The water that is 
used for a long time contains much organic matter from previous 
soakings but it is not good for the leather, since it destroys the 
tissue and softening may be brought about by very dilute sodium 
hydroxide, sodium sulphide, weak organic acids, or 1/ 40 normal 
sulphurous acid. When the hides have been softened so as to 
bend without breaking they are worked in a mechanical manner 
so as to soften them still further, either by pounding, churning 
or kneading. 

873. Depilation, or the removal of the hair, is brought about 
in different ways. The sweating process is essentially putre- 
faction. The hides are placed in a warm room at 15"* to 20®. 
The air is saturated with moisture and steam is admitted. After 
a lapse of 3 to 7 days the hair is softened enough so that it may 
be scraped off. Z/iming may precede scraping, and not only 
stops putrefaction, but causes a slight plumpness. The hair 
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is also removed by liming, the hides being suspended in the lime 
pits for 4 or 5 to 14 days, and rocked or shaken. Hair may be 
removed readily if the hides are placed in fresh lime for 1 to 4 
days and then soaked in water at a temperature of 40° to 50° 
for some hours. 

Other Stronger Alkahes for dehairmg are not better, because 
they form compounds not easily removed until neutralized by 
acids, and the grease is not saponified but emulsified. It is 
easy to spoil hides by using the strong alkalies and acids, but 
it is almost impossible to spoil hides with lime. If 2 to 4 pounds 
of sodium sulphide are dissolved in water and the whole thick- 
ened With lime to a soupy consistency the mixture will remove 
hair in a few hours, but this is not considered good for the best 
quality of leather. Sodium sulphide may also be added to the 
lime pots, 14= f o pound per hide being used for quickening the 
process. A recent process calls for the use of liquid air. The 
hides are suspended in the liquid for a few seconds and the frozen 
hairs are scraped off, leaving the roots in the skin. 

874. Bateing and Drenching. The lime is removed from 
the hides with water, and then with very dilute sulphuric acid, 
keeping the hides in constant motion and avoiding an excess of 
acid. Bateing (abateing) or reducing the plumpness of the hide 
is necessary in light leathers. For this purpose an infusion of 
pigeons’, hens’ or dogs’ dung, or bran, or both is used. The 
action is said to be due to bacteria. An artificial bate, known 
as '‘erodin,” consisting of a carefully prepared culture of bacteria 
and a dry powder may be used instead. 

876, Tanning Materials. Tannin or tannic acids wiU pre- 
cipitate gelatin from a solution as an insoluble compound. 
Tannins contain pyrocatechol, C 6 H 4 (OH) 2 , or pyrogallol 
C 6 H 3 ( 0 H) 3 , or an isomeride of the latter, known as phloroglu- 
cinol. Different tannins act differently upon leather. They are 
hard to separate, are non-volatile and do not crystallize. 

Oah hark is one of the oldest and best of the tanning materials 



LEATHER AND TANNING 


585 


It is somewhat slow, since it contains only 8 to 12% of tanning 
material, but produces excellent leather. 

Valonia contains up to 35% of tannin. It is similar to oak 
bark and gives a heavier leather. 

Myrobalans contains 25 to 35% of tannin and is good to mix 
with hemlock extract. 

Dim-d'im contains 30 to 50% of tannin. It is similar to valonia 
and produces a heavy leather, but is liable to decompose and 
produces red stains. 

Sumac contains from 20 to 30% of tannins and is similar to 
myrobalans. It is used chiefly for light leathers or to brighten 
the colors of heavy tannins. 

Mimosa hark, found chiefly in Australia, contains 20 to 40% 
of red tannin, from pyrocatechol, and gives considerable w^eight 
and firmness to the leather. 

Hemlock bark contains 8 to 10% of tannin, while the extract 
contains 20 to 30%. It is similar to Mimosa bark, but gives a 
larger percentage of red anhydrides, and therefore, a heavier 
leather, with a more pronounced color and less easily modified by 
other agents. It is used to a large extent in the United States. 

Quebracho wood is found in Argentme Republic and elsewhere 
in South America. It contains about 20% of rather difficultly 
soluble catechol. It is used largely as extracts which are de- 
colorized and rendered more soluble by bisulphites. 

Mangrove barks, from the East Indies, are used chiefly as 
extracts- They contain up to 40% of dark red, but fairly solu- 
ble, catechol tannin. 

Gambler, also found in the East Indies, contains 30 to 40% 
of catechol tannin. It penetrates rapidly, but has less astrin- 
gency and adhesive power than other tannins. Used alone it 
gives an inferior leather, but it may be used with other tanning 
agencies. In general, it does not contract or draw the grain very 
much. 

876. Preparation of the Tanning Material. Most tanning 
materials are ground and exhausted by water to save shipments 
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of useless materials. The dark color and insoluble matter are 
often removed by precipitation with blood or blood albumen, 
dissolved in a warm infusion and then heated above the coagula- 
tion temperature. Metallic precipitants are sometimes used. 
Sulphurous acid and bisulphites are used for bleaching the 
tanning liquor, and to make the reds more soluble. The extracts 
are then concentrated in vacuo until they contain 50 to 60% 
of water if they are to be sold as a hquid extract, and 20 to 25% 
if they are to be shipped in a solid condition. 

877, Sole Leather is Made by plumping, either with hme 
during depilation, or if the latter process is accomplished by 
sweating, the plumping is done by the use of sulphuric acid. 
When a hide swollen with lime is brought into the tanning 
liquors the weak acids present rapidly neutralize the lime 
(alkali), and the hide, previously plump and firm, becomes soft 
and flaccid and decreases in thickness. If only a little acid in 
proportion to the tannin is present this action is very gradual 
and the tannin, which penetrates rapidly m an alkaline condi- 
tion of the hide, fixes the fiber in a swollen condition and a plump, 
rapid tannage is obtained, often deficient in color from the ten- 
dency of the lime to form tannates which darken on drying. If 
only a little lime is present and the acid predominates over the 
tannin, the tissue, at first soft and flaccid, swells gradually and 
combines with the tannin in an acid condition, producing a 
plump leather of good color. But if an unswollen hide comes 
into the liquors with insufficient acid, or if plumped with lime 
and allowed to fall back, the tanning will fix it in the fallen con- 
dition and thick leather cannot be made. 

878. The Tanning Liquors are placed in deep pits in which 
the hides may be suspended without touching, and where they 
may be kept in motion for at least a day. The hides color 
rapidly and must be moved forward gradually into stronger 
liquors. After the color is fully set the hides are laid in pits, 
either with tanning liquor alone, or with a little of the solid 
material dusted between them. The hides are handled once a 
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day or oftoner and when colored quite through are placed in 
layers in stronger liquors and solid tanning material, such as 
mimosa bark, oak bark, myrobalans or valonia, is strewed be- 
tween them, where they are allowed to remain undisturbed for 
one to six weeks. They are 
then raised, drained, and 
washed, or bleached with 
bisulphited (bleaching) ex- 
tract. The hides are then 
slightly oiled and hung in a 
loft until about half dry. 

They are next laid in a pile to 
equalize the moisture, and 
the grain is struck out, usually 
with a machine. They are 

againslightlyoiled, somewhat yiq. 206. RoUs of Leather in the 
further dried, rolled twice and Drymg Room, 

dried in a warm loft. (Fig. 206.) 

879 . Enameled, Patent, or Japanned Leather. The hides 
must be well freed from grease before tanning, often by the use 
of benzine, and but little oil may be used. The hides are 
stretched on boards or frames and coated with a linseed oil 
varnish boiled with Prussian blue and sometimes with lampblack 
or other pigments. The black color is brought about by the 
iron in the Prussian blue, which also acts as a drier. The 
coating is dried at 70® to 80®, smoothed with puxnice, and 
other coats applied until the right thickness is obtained. 

880 . Morocco is made from goat skins, the rough haired 
seal, or inferior kinds from sheep skins. After dehairing by 
lime, bateing, and drenching, they are tanned with sumac. 
When tanned they are dyed with aniline colors or dye woods, 
glazed with albumen, and an artificial grain is given by engraved 
or electrotyped rollers. 

881 . Chamois or Wash Leather is made from sheep skins, 
thoroughly limed, to dissolve the cementing material and to 
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produce softness. The lime is removed by a bran drench^ and 
after the moisture is pressed out, the skins are oiled with fish oil 
or whale oil, folded into cushions and worked under fulling 
stocks for two or three hours. They are then hung up to cool and 
to dry partially. This process is repeated many times until all 
of the water has been replaced by the oil. The skins are next 
laid in piles where fermentation occurs with the evolution of 
considerable heat, owing to the oxidation of the oil, and the 
yellow color is produced. It is not known just what chemical 
change takes place in the fibers but it is said to be due to alde- 
hydic products of the fatty acids and glycerol. Chamois is 
resistant to boiling water, to acids and to alkalies. An excellent 
leather resembling chamois is produced by treating the skins 
directly with formaldehyde, and some of the other aldehydes in 
a solution rendered alkaline by sodium carbonate. 

882. Kid. Glove kid is produced from kid skins and fine 
lamb skins. The cementing material must be removed so as to 
render the leather soft and pliable, giving free movement of the 
fibers in stretching. Calf skins are usually dehaired by liming, 
and kids by liming with the addition of red arsenic sulphide. 
After bateing and drenching they are thoroughly worked to 
get rid of the fat glands and scud. They are tanned by placing 
them in a drum containing flour, alum, salt and egg yolk with 
the addition of olive oil. They are then dried, softened, and 
aged by keeping them in a cool warehouse for several weeks. 
Calfskin is then dampened, shaved on the flesh side and dyed 
’^black. A mixture of ammonia, potassium dichromate and 
logwood may be used, the color being darkened and fixed by a 
bath of ferrous sulphate. The leather is then re-egged, worked 
with a knife, rubbed with a mixture of wax, soap and gum, and 
ironed. Kid glove leather usually has a second feeding in the 
drum with egg yolk and salt. The leather is dyed all shades with 
berry juices brightened with aniline. The finishing consists of 
wringing out, drawing over a blunt knife and drying. 
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883. Chrome Leathers have a much greater resistance to hot 
and cold water than those prepared with aluminum salts. It 
is possible to produce the desired results with chrome alum and 
salt. 

In the two bath chrome tanning the hide is treated with 
chromic acid, made by the action of hydrochloric acid upon 
potassium dichromate or sodium dichromate, and afterwards 
with a solution of sodium thiosulphate and hydrochloric acid. 
The hide takes up the chromic acid, and this is converted into 
the basic condition by the action of the thiosulphate. It is 
then '^fat-liquored^’ with a thin emulsion of oil and soap, dyed, 
dried and softened. 

In the one bath chrome tanning, the hides, after coming 
from the puer, are washed in running water and placed in the 
pickle for an hour. The pickle consists of 8 pounds of salt, 2 
pounds of aluminum sulphate and 1 pound of sulphuric acid 
having a specific gravity of 1.381. After pickling, the hides 
are dipped into a bath containing a chromium salt, one of 
which is made up by dissolving 10 pounds of sodium dichromate 
in 10 gallons of water; 6 pounds of syrup of glucose are added 
having a specific gravity of 1.381; 10 pounds of sulphuric acid 
are added, and the whole diluted to a specific gravity of 1.450. 
In using this solution 15 pounds are allowed for 100 pounds of 
pickled hides. 

Formaldehyde is used in tanning to give a very hght colored 
leather, that requires no bleaching. It resembles buff leather. 

884. The Coloring Matter for Leather usually consists of 
coal tar dyes, such as nigrosine, for black. A solution of 
hematin in ammonium hydroxide may be used, followed by a 
striker of black iron and copper sulphate. 

886. Cordite, a high explosive used in the war, has been 
found suitable for making artificial leather. A plant at High- 
land Park, Illinois, purchased 35,000,000 pounds of cordite from 
Great Britain to make artificial leather for the Ford Motor 
Company. 
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CHAPTER XXXYII 


SANITATION 

While there are many practical problems of sanitation only 
a few of them can be touched upon in a single chapter. Ref- 
erences to other parts of the book should be looked up by the 
student in order to review the topics mentioned. 

886. Many of the Diseases Common to Ma nk i n d are caused 
by the multiplication of bacteria under conditions favorable 
for their growth. Such conditions can often be avoided by a 
little attention on the part of those whose duties include the 
care of grounds and outbuildings. 

887. The Ash Pit is often used as a receptacle for garbage. 
When this is done it should be emptied twice a week at least. 
Where garbage is gathered separately from ashes, as in large 
towns and cities, it is often burned in large furnaces, fired with 
coal at first, until the heat developed is sufficient to raise the 
temperature to the combustion point. The smoke is burned by 
the use of smoke consumers and the clinker is used for road 
making or cement. 

888. Outside Closets should be at least 6 feet from the 
house and 40 feet from the water supply. They should be 
constructed of brick, stone or cement to avoid saturation of 
the wood ordinarily used, and to make cleaning easier. They 
should be provided with removable buckets having covers to 
be used when they are emptied. Deodorants, such as wood 
ashes or lime should be used freely, or if these are not available 
dry earth may be substituted. Sulphuric acid is also a suitable 
substance since it changes the ammonia produced by the decay 
of the nitrogenous matter to ammonium sulphate. 

889. Inside Water Closets should be provided with traps 
and should be thoroughly ventilated. The floor should be of 
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tile, or other non-absorbent material, and the walls should be 
tile or painted, not papered. These should not drain into a 
cess-pool since there is always danger of leakage and offensive 
odors, but they should drain directly from the house sewer 
into the main sewer. 

890. Sewers should be of large diameter, and have no dead 
ends where the material can accumulate. There should be 
suflBcient incline to cause a flow rapid enough to prevent clog- 
ging. Sewers are cleaned by flushing and are provided with 
openings for ventilation. Very frequently foul air comes from 
the sewers but the simultaneous discharge of potassium per- 
manganate and sulphuric acid will usually overcome the smell, 
by oxidation. 

4KMn04 +r>H2R04-^2K2S04 ’f4MnS04 + 6 H 2 O -f SOg T 

Sewers usually carry storm water as well as sewage, so that 
in the rainy season the sewage may be very dilute. The amount 
of solid matter usually varies from 25 to 40 grains per gallon. 
Phosphoric acid, ammonia and potassium oxide are common 
components of sewage, and as the alkaline substances are in 
excess sewage is alkaline. The solid matter averages about 2 to 
3 pounds per ton. 

Dried sewage averages mineral matter, 49.8%; organic 
matter, 45.2%; nitrogen, 1.56%; fats, 3.44%. It has been 
estimated that the amount wasted per year is equal in fuel 
value to 44,000,000 tons of the best bituminous coal. The 
amount of manure wasted in 200 of the largest cities of the 
United States is estimated at 11,000,000 tons annually; while 
the waste from street sweepings in cities of over 1,000 is esti- 
mated at 5,000,000 tons annually, and the annual waste from 
shavings and sawdust is about 18,000,000 tons. 

891. Purification of Sewage. Sewage may be purified by 
(1) allowing the solid matter to settle; (2) by chemical treat- 
ment; (3) by allowing the earth to absorb it; (4) by bacteria. 
The first method is not satisfactory. When chemical treatment 
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is applied various substances may be used. Lime alone applied 
as lime water makes the sewage more alkaline and hence more 
liable to putrefy. Prom 5 to 10 grains of aluminxim sulphate, 
alum, or lime and alum, or 2 to 5 grains of ferrous sulphate per 
gallon will usually purify the sewage, but it has httle value as a 
fertilizer after treatment. Magnesium chloride and lime 
mixture does not purify sewage sufficiently to allow it to flow 
into the streams. When sewage is purified by electrolysis, 
chlorine and oxygen are hberated at the positive pole, and form 
hypochlorous acid, which oxidizes the organic matter and forms 
iron hypochlorite; while at the negative pole, potassium oxide, 
sodium oxide, ammonia, magnesium oxide, etc, are formed and 
these decompose the iron hypochlorite. Hydrated ferrous 
oxide rises to the top as a scum mixed with air. It then passes 
to another tank where the impurities settle and the degree of 
purification is increased. 

Where land purification is used the land should slope towards 
the south and be well drained. If the land is porous, one acre 
should be allowed per hundred tons of sewage, but if it is a 
clay soil one acre to 25 tons is the proportion. Various crops 
can be raised upon the land, such as Itahan rye, grass, oziers, 
mangold, wurzel, and cabbage, but not cereals. The use of 
such vegetables, especially uncooked, leads to the development 
of intestinal parasites. This is common among the Chmese. 

892. Septic Tanks for the purification of sewage depend 
upon the action of anaerobic organisms (that is, organisms 
able to live without air which grow in the tanks) upon the 
bacteria, with which the sewage is filled. Chemical changes 
occur and the more complicated compounds break down into 
simpler compounds — liquid and solid organic compounds, and 
some mineral compounds, so slight that the tanks are seldom 
cleaned. The top of the tank is covered with a scum, from 2 
to 12 inches thick, and the organic matter is changed into 
ammonia, carbon dioxide, water, hydrogen, methane, carbon 
monoxide, nitrates, nitrites, etc. If the tanks are covered the 
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gases accumulate and may be used for fuel or lighting. The 
flow of the sewage through the tanks is very slow, requiring 12 
to 24 hours. The sewage then flows over coke filtering beds 
from 4 to 13 feet thick consisting of lumps of coke from 1/2 to 
2 inches in diameter, resting upon perforated tiles. More 
of the anaerobic organisms develop on the coke, but the beds 
are not ready for use until after about four weeks, after which 
they will last for years. The filter beds should be used in 
rotation. Typhoid bacilli are killed in 4 days, and cholera 
spirilli in 3 days. 

893 . Activated Sludge furnishes the latest method of 
purifying sewage. This method does not depend upon the 
action of chemicals added to the sewage, but upon the action of 
metabolic chemicals liberated in the sewage itself hy the action 
of bacteria. 

Raw sewage is placed in a tank 18 feet high and 12 feet in 
diameter. Air is bubbled through, and the heavier particles, 
known as sludge, settle to the bottom. The water is drawn off 
and more sewage is added and the process repeated until at 
last the sludge becomes active and nitrification takes place in a 
very short time. The activating process is at first slow, requiring 
nearly 5 weeks for the first sewage, 15 days for the second, 4 
days for the third, gradually reducing to 4 hours for the thirty- 
first. After the process has been started it may be said to 
require on an average about 10 hours for nitrification. The 
residue is sold as a fertilizer, and has a market value of from 
$4 . 00 to $5 , 00 a ton. 

894 . Disposal of the Dead. It requires about 14 years 
for the complete decomposition of the buried body of an adult 
and about 8 years for a child. These times may be lengthened 
or shortened according to the style of coffin. On the other hand 
cremation reduces the body to about 3 pounds of incombustible 
ash in 2 hours, and avoids any possibility of contagion. 

896 . Disinfectants. A disinfectant is a substance that will 
kill organisms that act injuriously upon higher forms of life. 
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Disinfectants are usually antiseptics and deodorants as well as 
germicides. An antiseptic may merely retard the growth and 
not kill. Disinfectants may not kill all the organisms but may 
leave a residue that is highly resistant. The general chemical 
description of the disinfectants mentioned here may be found 
in the parts of the text referred to. 

Oxygen acts slowly as a disinfectant, by the aid of anaerobic 
organisms, but faster if compressed. Ozone, an allotropic 
modification of oxygen, is exceedingly energetic when moist, 
but inactive when dry. Ozone is used both for the purification 
of water and air, but in the latter case the action is slow and 
in order to be very effective the amount required will produce 
an irritant action upon the lungs. See Chapter 2, 

Hydrogen Dioxide when added in the proportion of 0.6 
gram per liter and kept at a temperature of 62° to 55° for 8 
hours will keep milk sweet for a month. Hydrogen dioxide is 
sold under many other names, as hydrogen peroxide, dioxygen, 
each usually 3%; perhydrol, 30%; hydrozone, glycozone, 
pyrozone, etc. It is found in sanitas, while corresponding 
metallic compounds are known as peroxides, among which are 
sodium peroxide (oxone) ; magnesium peroxide (heptogan) ; zinc 
peroxide (ektogan) etc. 

Nitric Acid and the oxides of nitrogen, as nitrogen tetroxide, 
are powerful disinfectants, but are very costly and dangerous 
when compared with others. 

Sulphur is used in various ways, chiefly in its compounds. 
The dry powder may be used for insects and fungi on plants, 
or it may be used as calcium polysulphide, made by boiling 
milk of lime with sulphur. Sulphur dioxide generally does not 
kill spores, and the dry gas has but little effect upon micro- 
organisms, but it destroys vermin. Sulphur dioxide is suffocat- 
ing, and as little as 5% in the air has been known to prove fatal. 
It has little penetrating power and requires 16 to 24: hours to be 
effective with vermin. It may be prepared by burning sulphur 
in the air or by exposing liquid sxilphur dioxide to the air. 
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Sulphur dioxide and the metallic bisulphites check fermenta- 
tions and are used to preserve foods. Sulphuric acid is a power- 
ful disinfectant, 0.04% killing cholera germs in sewage. When 
water has ordinary typhoid infection the bacilli may be killed in 
30 minutes with 0.035% H2SO4, or in 15 minutes with 0.07%. 
As the sodium salt, sodium bisulphate, NaHS 04 ; 15 grains 
to the pint will kill in 15 minutes typhoid and cholera germs 
and will destroy intestinal parasitic worms. Carbon disulphide, 
CS 2 , is used for destroying fungi and insect parasites, as vine 
phylloxera. It is also used with success for destroying prairie 
dogs, ants, etc. 

Bone Acrid, H3BO3, is not a disinfectant, but restrains the 
growth of bacteria in foods. When a boric mixture, consisting 
of 3 parts of boric acid and 1 part of borax is used, 1 part in 
2,000 will keep milk sweet for 24 hours without acting in- 
juriously upon the digestive system. 

The Halogens, chlorine, bromine and iodine — act in three 
ways (1) they can combine with the hydrogen, thereby liberat- 
ing oxygen in water; (2) they can combine directly with 
organic matter; (3) they can replace hydrogen in organic 
matter and precipitate albuminous substances, Idlling organ- 
isms by combining with and coagulating the protoplasm, by 
removing the food, or by acting as an irritant or a direct poison. 
Free chlorine is usually not used, because of the difficulty of 
handling it so that various compounds are used instead, such 
as the hypochlorites, the most common being calcium hypo- 
chlorite, Ca(C10)2 which is nearly 50% chlorine. When exposed 
to moist air it deliquesces and is gradually decomposed, acting 
upon less resistant organisms in about 24 hours. Sodium 
hypochlorite, NaClO, is used as Eau de Labarraque, or as Eau 
de Javelle (which originally used potassium hypochlorite). 
In these waters is about 2J4% of available chlorine. Anti- 
formin is a solution of sodium hydroxide and sodium hypo- 
chlorite. Calcium hypochlorite increases the hardness of 
water and gives a bitter taste, while sodium hypochlorite softens 
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it and gives no taste. One part of available chlorine in from 1 
to 8 million parts of water is usually sufljcient for purifying 
drinking water, and produces no bad effects tipon the system. 
In 1920 the death rate from typhoid in Chicago was reduced 
through the use of chlorine in the drinking water to 1.1 per 
100,000, the lowest rate for any large city- Much more is 
required for the purification of sewage, usually from 30 to 70 
parts of chlorine per million. Sodium hypochlorite is used 
for the purification of the water in swimming pools, destroying 
the surface growths of algae and fungi which often harbor 
dangerous organisms. Ferrochlor is a mixture of 8 parts of 
ferric chloride and 0.5 part calcium hypochlorite. Bromine 
in the form of potassium bromide, KBr, is sometimes used in 
the proportion of 40 to 60 parts per million, but it is bulky and 
the use of bromine is dangerous. Iodine acts as a germicide and 
1% dissolved in alcohol is used to wash the skin before opera- 
tions or the use of the hypodermic needle. 

Aads are generally unfavorable for the growth of bacteria 
and typhoid bacilli in a broth or gelatin preparation may be 
prevented from growing by 0.08% H2SO4, 0.2% HCl, or 
HNO3; 0.28% SO2; 0.31 to 0.4% phosphoric, acetic, carbolic, 
formic, oxalic or lactic acid; 0.476% tartaric, citric or malic 
acid; 1.66% tannic acid; or 2.7% boric acid. Hydrochloric 
acid is effective against cholera, while anthrax may be over- 
come by hydrochloric, hydrofluoric, sulphutic, nitric, hydro- 
bromic or chloric acid. 

Dry Lime is fatal to bacteria, but it is not entirely safe to 
rely upon it for burying infected bodies unless a long time 
elapses before the body is removed, since live germs may be 
diffused. 

Potassium permanganate is a good disinfectant for wells, 
cisterns, etc. Enough of the permanganate should be added 
to produce a pink color for 24 hours. The color and odor of the 
water are both removed by the process of oxidation. (See §528) . 
Usually about two ounces are sufficient for an ordinary cistern. 
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Arsenic trioxide is more effective upon higher forms of life 
than it is upon the lower forms, and therefore is not considered 
a good disinfectant. 

Of the Copper SaltSj cuprous chloride, CuCl, is considered 
the most effective. When water is treated with 50 parts of 
cuprous chloride and 20 parts of ferrous sulphate per million 
and allowed to stand 6 hours and then treated with 10 parts of 
lime, the water after settling will be free from iron and copper, 
thoroughly sterilized and free from color and odor. For 
agricultural purposes copper sulphate is used against potato 
blight, and for soaking seeds. Verdigris (acetate), Paris green 
(arsenite), copper-lime-sugar, and copper-soap washes are used 
for trees; and Bordeaux mixture, copper sulphate and lime, is 
used on vines. A suitable Bordeaux mixture consists of 3 
pounds of copper sulphate and 2 pounds of fresh calcium 
oxide to 10 gallons of water. 

Mercuric Chloride, HgCb, is one of the most powerful dis- 
infectants. The early standard was 1 part in 1,000. It is 
costly, poisonous to higher animals and to plants and is easily 
precipitated. If 34 ounce of mercuric chloride is dissolved in 
3 gallons of water, with the addition of 34 c>mice of hydrochloric 
acid, and about 5 grams of an aniline dye, as a safety color, the 
strength is 1 part in 962. The germicidal power of mercuric 
chloride depends upon the degree of ionization, so that 1 part 
in 600 is much less than twice as active as 1 part in 1,000, 

Silver Nitrate, AgNOs, stands next to mercuric chloride, but 
has similar limitations. To avoid irritant action and precipita- 
tion by chlorides a large nrnnber of organic compounds of silver 
have recently been introduced, such as argonine (with casein) ; 
argyrol (with gluten); largin (with albumen); protargol (with 
protein); etc. 

Formaldehyde, CHgO, is usually used in the 40% solution, 
sold as formalin. When 1 part of formaldehyde is added to 
50,000 parts of milk, or 1 part of formalin to 20,000 parts of 
milk, the milk will keep sweet for 24 hours. It is however, 
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illegal to use it in that manner. Fruit, left in a solution of 3 
pints of formalm in 10 gallons of water, will keep for 10 to 21 
days longer without spoiling. Formalin, diluted to 10 volumes, 
is used for embalming. A solution is sometimes effective 
in eczema. Wood smoke, used for preserving meats, contains 
1 part of formaldehyde in 10,000 to 100,000. It is also found in 
tobacco smoke. Formaldehyde can be easily applied either 
as a gas or as a liquid or in the solid form as polymers. It is 
not rendered inactive by albuminous matter or most chemicals, 
and is effective in strengths that are not irritative or poisonous. 
One polymer of formaldehyde, known as paraform^ dissociates 
into formaldehyde when heated. The amount required to 
be effective against diphtheria, typhoid and moist anthrax is 
10 grams per 1,000 cubic feet, the action continumg for 20 to 
24 hours. The action is better if the walls of the room are 
sprayed with water first or if water is vaporized at the same 
time. The residual formaldehyde can be neutralized by vola- 
tilizing ammonia, forming solid, inodorous, hexamethylene- 
tetramine, C6H12N4, which is sold under the trade name of 
Urotropin. This is given to typhoid convalescents or others to 
Idll the bacteria which for a long time continue to be discharged 
m the urine. 

Acetic acid, HC2H3O2, the acid of vinegar, is one of the old 
preservatives. Pyroligneous acid or crude wood vinegar, 
owes its power to the presence of creosote and formaldehyde. 

C%tnc, Tartaric and Malic Adds have the power to stop the 
growth of bacteria that prefer a neutral to an acid medium, but 
their effect is much less than that of the mineral acids, while 
they cost more, and the solutions become mouldy in warm 
weather. 

Benzoic Add and its salts are strongly antiseptic. The acid 
is stronger than its salts, 0.022% retarding souring, while 
with sodium benzoate, 0.026%, and with potassium benzoate, 
0.029%, is required. 
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Salicylic Acid acts in about the same manner and about as 
effectively as benzoic acid. It produces no marked injury to 
adults when used in limited amounts. Salol is phenyl sahcylate 
and decomposes in the duodenum into phenol and salicylic 

acid. Sodium salicylate or sodium 
benzoate are often administered in 
the early stages of appendicitis. They 
act by stopping the fermentation, 
and when accompanied by other 
treatment will usually stop the dis- 
tress in 24 hours or less. 

896. Sterilization by Heat. A 
small sterihzer, which may also be 
used as a pressure cooker, (see Fig. 
207) may be purchased at a moder- 
ate cost. Canned fruit, cooking 
utensils, etc., may be sterilized by 
Fig. 207 A Sterilizer for placing the article in the sterilizer, 
Family TTse adding water, fastening the lid, and 

heating until the steam gage regis- 
ters from 20 to 30 pounds. 
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CHAPTER XXXVIII 


MEDICINES AND PATENT MEDICINES 

Only a few of the more common substances used in medicines 
can be described in a single chapter. These will be grouped 
according to their effect, rather than upon their chemical 
composition. 

897 . Disinfectants. See §895 etc. Many commonly used 
disinfectants are described elsewhere throughout the text. 
Among these are boric acid, benzoic acid, salicylic acid, silver 
nitrate, mercuric chloride, potassium permanganate, hydrogen 
peroxide, iodine, iodoform, sulphur, phenol, etc. A new 
disinfectant, known as DakMs solution was produced during 
the World War. This has since been modified and now is 
manufactured under the trade name of '^Chlorazene.^^ Its 
chemical name is para-toluene-sodium-sulphochloramide. It 
is marketed in 4.6 grain tablets, the recommended strength of 
the solution to be used being 1 tablet in one ounce of water, 
which gives approximately a 1% solution. The tablets are 
nearly odorless, but the solution gives a faint odor of chlorine. 
The solution is nontoxic and noncaustic. It is intended for 
external use only, but has been used as a mouth and throat 
disinfectant although the solution should never be swallowed. 

898 . Corrosives and Caustics, applied for the purpose of 
destroying tissue, include such substances as acetic acid, nitric 
acid, dehydrated alum, silver nitrate, arsenic trioxide, chromium 
trioxide, iodine, phenol, potassium carbonate, potassium 
hydroxide, sodium carbonate, sodium hydroxide and zinc 
chloride, all of which have been described elsewhere in the text. 
Consult index for section references. 

899 . Astringents have the power to cause contraction and 
include tannic acid, alum, barium chloride, silver nitrate, 
bismuth subcarbonate, bismuth subnitrate, copper sulphate, 
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ferric chloride, ferrous sulphate, lead acetate, zinc oxide and 
zinc sulphate. Some of these are used to stop bleeding. 

900. Powders for dusting over parts of the body, or for 
face powders, include various forms of starch, bismuth sub- 
carbonate, bismuth subnitrate, magnesium carbonate, precipi- 
tated chalk (calcium carbonate), rice powder, kaolin, talcum, 
zinc oxide, and some of the stearates, oleates, etc., such as zinc 
stearate and zinc oleate. 

901. Protectives, either to keep the air from a bruised or 
burned surface or as used in various cold creams, so-called 
flesh foods, etc., include the various fixed oils and fats, which 
are neutral esters of vegetable or animal origin, and are com- 
pounds of glycerol with acids, chiefly oleic, palmitic and stearic; 
lard, lanolin or wool fat, beeswax, petrolatum which is sold 
under many different names, such as vaseline, litholine, etc., 
ceresine or mineral wax, spermacetti from the sperm whale, etc. 
Most of these turn rancid on standing. For use they are either 
applied alone or in various mixtures, melted at a low tempera- 
ture, and mixed with white mineral oil, perfume, etc., so as to 
make them easy and pleasant to apply. 

902. Anesthetics are divided into two classes, general and 
local. General anesthetics include nitrogen monoxide (see 
§139), chloroform, ether, or mixtures of alcohol, chloroform and 
ether. 

Chloroform^ CHCb, or trichlormethane, may be prepared by 
the action of bleaching powder upon alcohol or acetone. It is a 
colorless, heavy liquid with a sweetish taste. Its specific 
gravity is 1.52637. It boils at 61.2® and does not solidify except 
below — 70°. Pure chloroform decomposes slowly, but is made 
more stable by the addition of about 1% of alcohol. Chloroform 
is widely used as an anesthetic. The use of chloroform as a 
general anesthetic is considered to be more dangerous than the 
use of ether, or a mixture of alcohol, ether and chloroform. 

Ether^ (€ 2115 ) 20 , or ethyl oxide, is often called sulphuric 
ether, from the method of manufacture, and not because of the 
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presence of the sulphate radical. It is made by distilling a 
mixture of 200 parts of alcohol and 360 parts of concentrated 
sulphuric acid by weight, so that the mixture distils over at 
140®. Ether, mixed with alcohol and water, distils over and if 
alcohol IS run into the distilling flask at a rate to keep the tem- 
perature constant the process is continuous. If water is added 
to the distillate the ether will rise to the top and may be sepa- 
rated by a pipette or separatory funnel after which it should 
be treated with a little calcium chloride and distilled on a water- 
bath. When pure it boils at 34.6®. Its specific gravity is 
0.736 at 0® and 0.718 at 15.6®. It dissolves in 11.1 volumes of 
water at 25®, and will dissolve 1 /50 its volume of water. Ether 
is very inflammable and should never be heated over a free 
flame, but over a water-bath in which the temperature is below 
the boiling point. It vaporizes rapidly and forms explosive 
mixtures with air. Commercial other usually contains alcohol. 
Ether mixes with alcohol in all projiortions. It is used as a 
solvent for fats, resins, alkaloids, etc., as an anesthetic, and 
on account of its rapid evaporation is used to produce lower 
temperatures. When heated with water and a small amount of 
sulphuric acid it is converted into ethyl alcohol. 

Local Anesthetics are applied to a small area to produce local 
insensibility to pain. Among these are cocaine, codeine, 
stovaine, menthol, etc. Sometimes freezing is produced by a 
spray of ethyl chloride or by solid carbon dioxide, often called 
carbon dioxide snow. 

Ethyl Chloride is a colorless, very volatile liquid, having an 
agreeable odor, and a sweetish, burning taste. It is kept in 
hermetically sealed tubes, in a cool dark place. It is used in the 
form of a spray as a local anesthetic for minor operations. It 
will produce general anesthesia if inhaled but is dangerous, 
acting after the general manner of chloroform. When applied 
as a local anesthetic in the form of a spray the surface upon 
which the spr^ty falls may be fro^sen. 



MEDICINES AND PATENT MEDICINES 


605 


Cocaine, C17H21NO4, is an alkaloid obtained from several 
varieties of Coca. It forms large colorless prisms, having a 
slightly bitter taste, and producing on the tongue a temporary 
numbness. When applied locally, cocaine paralyzes the 
peripheral nerves, causing loss of sensation, and contracts the 
blood vessels. When injected into a nerve, or around a nerve 
sheath, local anesthesia is produced. 

Codeine is an alkaloid obtained from opium, or prepared from 
morphine by methylation. It occurs as white nearly translucent 
crystals or as a crystalline powder, odorless and having a slightly 
bitter taste. During recent years it has come to be used widely 
in place of morphine. It is also used as the hydrochloride, 
nitrate, phosphate, sulphate, etc. 

Stovaine is closely related to alypin. It is a local anesthetic 
having about the same power as cocaine but dilates instead of 
contracting the blood vessels. It is to as toxic as cocaine, 
and is said to act as a heart tonic. 

Alypin, like stovaine, is an amino-benzoic acid compound. 
It IS less toxic than cocaine but has about the same power. 

Menthol is a secondary alcohol obtained from oil of pepper- 
mint, closely allied to camphor, CioHieO, obtained by distilling 
camphor wood chips in water. Menthol occurs as colorless 
prismatic crystals, having a strong and pure odor of peppermint, 
and a warm aromatic taste, followed by a sensation of cold when 
a stream of air is drawn into the mouth. It is used both inter- 
nally and externally, for the latter purpose often in the form of 
pencils that are rubbed over the painful part as in the relief of 
neuralgia or headache and in ointments. It is also used exten- 
sively as an inhaler, the menthol being placed in a glass tube, 
contracted at one end, so that the air taken into the nose is 
drawn through the menthol. 

903. Emetics are used to cause vomiting, and usually act by 
causing local irritation. Ipecac, mustard, sodium chloride, 
zinc sulphate, and many other substances will produce the 
desired result. Some people vomit after a dose of magnesium 
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sulphate, or from smelling tincture of ferric chloride. Ipecac 
is not very trustworthy. When mustard is used the ground seed 
of the black mustard is given, about 34 ounce being sufficient. 
When warm sodium chloride is used from 2 to 3 pints may be 
necessary. 

Anti-emetics act by lessening irritation and vomiting, by , 
exerting a depressant effect. Among these are bismuth sub- 
carbonate, bismuth submtrate, chloral hydrate, chloroform, 
cocaine, codeine, menthol, morphine and opium. 

Chloral Hydrate^ CCl3CH(0;^2, occurs as transparent, color- 
less crystals, having an aromatic penetrating odor, and a bitter- 
ish, caustic taste. It is very soluble in water, alcohol, and ether. 
Chloral hydrate acts upon the central nervous system, producing 
a feeling of weariness, followed by quiet sleep, in which the pulse 
and respiration are slowed in the same manner as iu normal 
sleep, and the reflexes are not abolished. From the sloop the 
person can be readily awakened. Fatal doses cause death by 
paralysis of the respiratory center or paralysis of a weakened 
heart. Large doses are dangerous, and it should never be taken 
except under the advice of a physician. 

904. Antacids, to lessen the acidity of the stomach, are 
naturally alkaline in their nature. Calcium carbonate, chalk, 
magnesium carbonate, magnesium oxide, potassium carbonate, 
sodium bicarbonate, and sodium hydroxide are the more com- 
monly used substances. Sodium bicarbonate is ordinary baking 
soda, and may be used in solution as an antacid, or as commonly 
said ^^to sweeten a sour stomach.^’ The more expensive soda 
mint tablets, used widely, are made of sodium bicarbonate 
flavored with a little oil of peppermint. 'The hydrochloric acid 
of the stomach reacts with the sodium bicarbonate 

HCl+NaHCOa-^NaOi-hHaO^-COa t 

906. Purgatives. Owing largely to overeating, and lack of 
sufficient exercise, many people have more or less trouble from 
constipation. There are several classes of purgatives, among 
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which the vegetable, saline and mercurial purgatives are the 
most commonly used. 

Vegetable purgatives are quite numerous, the most widely 
used being castor oil. The disagreeable taste of castor oil may be 
overcome by the addition of saccharin and oil of peppermint. 

Cascara Sagrada is the dried bark of Rhamnm Purshiana 
It is most agreeably used as the aromatic fluidextract. In this 
form the bitter principle has been removed and the taste 
improved by the addition of licorice and compound spirit of 
orange. As a laxative it acts mainly on the colon and is widely 
used for habitual constipation. The dose is about 2cc. at bed- 
time, and can be gradually reduced without causing consti- 
pation. 

Rhvbarbj used as the dried powder, the extract, or the aro- 
matic tincture, acts chiefly on the colon and has the tendency to 
produce constipation after the initial laxative effect. Rhubarb 
preparations are, therefore, appropriate remedies at the begin- 
ning of diarrhea, since they cause the expulsion of irritating 
substances and promote a return to normal by their constipating 
influence. 

Senna belongs to the anthraquinone-containmg group of 
vegetable purgatives and is considered to be one of the most 
efficient drugs of this class. It is largely used for the treatment 
of chronic constipation. It is often mixed with figs and dates 
before taking. 

Among the Saline Purgatives are magnesium sulphate, known 
as Epsom salt, magnesium carbonate, magnesium oxide and 
magnesium citrate. The last is usually taken in the form of 
Liquor magnesium citrate, made by mixing magnesium car- 
bonate, sodium or potassium bicarbonate, citric acid and sugar 
in a strong bottle properly stoppered. The bicarbonate should 
be added last. When the bottle is opened the carbon dioxide 
escapes from pressure and the liquid carries a copious foam. 
The taste resembles lemonade. Other saline purgatives are 
potassium bitartrate, potassium citrate, potassium sodium 
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tartrate, sodium chloride, sodium phosphate and sodium 
sulphate. 

Mercurous Chloride or calomel, is not irritating, but produces 
laxative effects by slow action. Minute doses are generally 
effective, but all things considered, it is better to use other, 
safer and pleasanter remedies. 

906. Chemicals that Affect the Urinary System. Chemicals 
that increase the flow of the unne are known as diuretics. Among 
them are spirits of nitrous ether, caffeine, cubebs, mercurous 
chloride, potassium acetate, potassium citrate, potassium 
nitrate, sodium nitrite and theobromine. Others that render 
the urine less add and thus diminish burning sensations, when 
there is too much acid in the urine, are potassium acetate, 
potassium bicarbonate, potassium citrate, sodium bicarbonate, 
and sodium carbonate. Acid imne is more antiseptic than 
alkaline and in order to make the unne more add sodium acid 
phosphate or mineral acids are prescribed. Other agents to 
make the urine anksepke are benzoic acid, salicylic acid, aspirin, 
hexamethylenamine, commonly called urotropin or formin, 
phenyl salicylate, sodium ^benzoate, sodium borate, sodium 
salicylate besides local antiseptics. 

907. The Action of the Respiratory System may be quick- 
ened by the use of atropine, caffeine, camphor, or strychnine 
Irntahhty in the cough center is reduced by chloral hydrate, 
chloroform, codeine, morphine and opium. The secrekons of 
the bronchial tubes are increased and liquefied by the use of am- 
monium chloride, ammonium and potassium tartrate, 
apomorphine hydrochloride, ipecac, potassium iodide, and 
sodium iodide. Bronchial spasm in asthma is relaxed by atro- 
pine, belladonna, sodium iodide, sodiiun nitrite. 

Apomorphine hydrochloride is the hydrochloride of an arti- 
ficial alkaloid prepared from morphine by the abstraction of one 
molecule of water. It is used chiefly as an emetic and acts 
directly upon the vomiting center independently of a local action 
on the stomach. It produces a prompt emptying of the stomach 
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with little subsequent sickness unless the dose is large. It is 
often used also as an emetic in poisoning when the stomach 
tube cannot be used. 

908. The Central Nervous System is Stimulated by the use 
of strychnine for the spinal cord; or atropine, caffeine or camphor 
for the brain and medulla. General anesthetics for paralyzing 
sensation are ether, chloroform, ethyl chloride and nitrous 
oxide. Hypnotics or narcotics to induce sleep or rest are alco- 
hol, chloral hydrate, codeine, morphine, opium, paralde- 
hyde, etc. Analgesics or Anodynes are used to relieve pam, 
and include acetanilid, acetphenetidin, salicylic acid, alcohol, 
antipyrine, aspirin, chloral hydrate, codeine, methyl salicylate, 
morphine, and sodium salicylate. Drugs used to reduce the 
tem^perature in fevers include acetanilid, acetphenetidin, sali- 
cylic acid, aconite, ammonium acetate, antipyi’ine, aspirin, 
guiacol (from beechwood creosote) phenol, quinine and sodium 
salic3date. 

909. The Blood Is Affected by the Use of Chemicals in 
several ways. To increase the hemoglobin arsenic trioxide, 
various compounds of iron such as the carbonate, iodide, phos- 
phate, and the citrate of iron and ammonium are among the 
most commonly used. The blood is rendered alkaline by the 
use of the same substances used for rendering the urine alkaline, 
and sodium hydroxide is also used. 

910. Among the Many Substances Used for Overcoming 
Parasitic Skin Diseases are balsam of Peru, benzoin, camphor, 
menthol, chrysorobin, mercury, ichthyol, iodine, tar, resorcinol, 
sulphur, thymol, oil of cade, beta naphthol, etc. These are 
usually made up into ointments with lard, vaseline, lanum, or 
other greasy base and applied to the affected parts at night. 

911. Substances Acting on the Eye otherwise than as an 
antiseptic wash are (1) mydriatics, which dilate the pupil and 
increase the accommodation such ^ as atropine, cocaine, homa- 
tropine hydrobromide, and scopolamine hydrobromide; (2) 
myotics, which contract the pupil and the ciliary muscles such as 
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physostigmine salicylate, also called eserine salicylate, derived 
from the calabar bean, and pilocarpine hydrochloride, derived 
from jaborandi. 

912. Administering of Medicines. Many substances are 
administered in solution form but this is often impossible, or 
undesirable on account of the taste. The more common methods 
of administering are the following: 

Cachets or wafers where a mixture of flour, starch, water and 
the powdered drug is pressed between hot iron plates. They are 
more readily dissolved than capsules and are easily swallowed if 
previously dipped into water. 

i Capsules are either hard or soft. They are made of gelatin or 
gelatin and glycerol in different shapes and sizes for adminis- 
tering powders, oils, and various liquids. 

Cataplasms or poultices are soft solid preparations used for 
applying heat and moisture to localized areas of the body. They 
may contain counter irritant drugs. A long continued applica- 
tion of a poultice tends to cause relaxation of the skin and to 
render it flabby. 

Cerates are mixtures of fats and waxes with medicinal agents 
softening and adhering to the skin to which they may be applied 
by spreading the cerate on cloth or paper. 

Chartae or medicated papers are pieces of absorbent paper that 
have been treated with medicinal substances, or sized paper 
that has been coated with a layer of the medicinal substance. 

Collodia or collodions are alcohol-ether solutions of collodion 
cotton, (pyroxylin) with or without medicinal agents. Flexible 
collodion is ordinary collodion with 5% Canada turpentine 
(Canada balsam) and 3% castor oil. The castor oil makes the 
film mdre tenacious and flexible. The turpentine is unnec- 
essary. Iodine, iodoform, salicylic acid, etc. are often added 
for special purposes. 

Confections^ conserves, or electuaries, formerly used to a 
large extent, are soft, pasty masses of honey or sugar, containing 
the active drugs and often fl^avoring substances. 
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Decochons are water solutions made by boiling the substance 
in water and then straining. 

Elixirs are sweetened, aromatic, agreeably flavored alcoholic 
liquids, similar to cordials, and serve either as vehicles to dis- 
guise the taste of bitter or nauseous drugs, or they may contain 
medicinal agents, 

Ernplastra or Plasters are solid preparations for external use, 
and serve either as simple adhesives or as counter irritants. 
Most adhesive plasters are made from lead plaster, made pliable 
with rubber and petrolatum, in which the medicinal agents are 
mixed. 

Emulsions are aqueous preparations in which oils, resins, 
fatty, or other insoluble substances are held in suspension by the 
use of gum, mucilage or other emulsifying agents. Milk is a 
natural emulsion. 

Enernota^ or Clysters are liquid preparations intended to be 
injected into the rectum to overcome constipation. 

Essential Oils^ see Olea Volatilia. 

Extracts are soft solid, or powdered, preparations, made by 
evaporating the soluble principles of drugs that have been 
extracted by the use of water, alcohol, or some other solvent. 
The evaporation is carried to the point where the material forms 
a soft solid, or until it may be reduced to a powder, either with or 
without the addition of a diluent, such as milk sugar, or powd- 
ered licorice. The average strength of extracts is about four 
times the strength of the raw materials and hence the dose is 
usually that of the crude drug. 

Fixed Oils, see Olea Pingua. 

Fluidextracts are liquid preparations of uniform and definite 
strength, so that 1 cc. represents the soluble ingredients of 1 
gi’am of the crude drug. 

Glycerites are solutions of medicinal substances in glycerol. 

Honeys, see Mellita. 

Infusions are usually made by taking 5 grams of the cut or 
bruised drug, over which is poured sufficient boiling water to 
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make 100 ec. This should be done in a non-metalhc vessel and 
the vessel is covered. After standing for one-half hour in a warjn 
place it is pressed and water is added to make up the required 
amount. Infusions should not be made from fluid extracts. 

Liniments are solutions of medicinal substances in alcohol, 
oil or liquid soap, for external application. 

Liquores or Solutions are usually solutions of chemical salts m 
water. Ciilorme water and formalin are, however, classed with 
solutions. 

Lozenges, see Troches. 

Masses are soft, sohd preparations of such consistency that 
they can be made into pills readily. 

Mellita or Honeys are sweet liquids having honey as a base, 
but are not used as much as in former times. 

Misturae or Mixtures arc liquid preparations containing 
partly soluble or insoluble substances suspended m them, often 
with sugar, mucilage, etc. They are usually unstable, and 
should be prepared as needed. 

Mucilages are liquid extracts of mucilaginous drugs or solu- 
tions of gum in water, such as gum arabic. They are often used 
as an addition to mixtures for internal use or as an emollient 
and lubricant in mixtures for external use. 

Ointments, see Unguenta. 

Oleates are solutions of alkaloids or metalHc oxides in oleic 
acid. They are of liquid or semi-solid consistence and arc 
intended for external use. In some of the oleates half of the 
oleic acid is replaced by olive oil. 

Olea Pingua or Fixed Oils are the natural esters of vegetable 
or animal derivation, and chemically are salts or compounds of 
an acid, such as oleic, pahnitic, or stearic with the glyceryl 
radical. AlkaHes act upon them to form soaps. The glycerol is 
set free. Oils are insoluble in water, but are often found in 
emulsions. 

Olea Volathlia, or Volatile (Esseritial) Oils are derived from 
plants and may contain, or consist of, neutral principles, 
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aldeh^^des, ketones, phenols, and esters, or compound ethers. 
They are mostly insoluble in water but are soluble in alcohol and 
are used as extracts and for flavoring. 

Oleoresins are thick liquid preparations consisting of volatile 
oils and resins, extracted from vegetable substances by ether, 
acetone or alcohol. 

Paste Pencils, see Stih Dilubiles 

Ptlulae or Pills are round, oval or flattened bodies of medi- 
cinal substances combined with other material and weigh 
between 0.06 and 0.5 gram. If weighing between 0.02 and 0.06 
gram they are known granules and if less than 0.02 gram they 
are called parvules. They may be covered with dusting powder if 
made fresh; but if they are to be kept for some time, or if it' is 
desirable to mask the taste, they are covered with some sub- 
stance that dissolves readily in the juices of the stomach, such as 
sugar, gelatin or chocolate. Sometimes it is necessary to cover 
the pills with a substance that will not dissolve in the acid juices 
of the stomach but which will dissolve in the alkaline juices of the 
intestines. In such cases salol, keratin, etc., are used. 

Plasters, see Emplastra. 

Poultices, see Cataplasms. 

Powders are either powdered medicinal drugs, or a combina- 
tion of two or more medicinal substances, either with or without 
a diluent, such as milk sugar. The term is also applied to single 
doses of powdered substances wrapped separately in powder 
papers. 

Salts, Effervescent, are mixtures of soluble salts with sodium 
bicarbonate and citric acid, or tartaric acid, or both. When 
put into water, carbon dioxide is set free and makes an effer- 
vescing drink. 

Serums, Viruses and Vaccines are special preparations not 
conforming to the same standards, but treated separately, and 
are particularly tested for freedom from bacterial and toxic 
contamination. Antidiphtheric serum or diphtheria antitoxin 



614 


CHEMISTRY IN EVERYDAY LIFE 


is a fluid separated from the coagulated blood of the horse im- 
munized through the imioculation of diphtheria toxin. Antite- 
tanic serum is the blood serum of horses immunized to the toxin 
of the tetanus bacillus. Vaccine virus is the material obtained 
from skin eruptions of calves having vaccinia. The pulp is 
ground and mixed with varying percentages of glycerol. It is 
usually marketed in capillary tubes or as glycerinated points. 

Solutions, see Liquores. 

Spirits are alcoholic solutions of volatile substances, either 
gaseous, liquid or solid. A number of the spirits are solutions of 
the volatile oils, and are used chiefly as flavors, stimulants and 
tonics. 

Stili Diluhiles, or Paste Pencils, also known as Unna pencils, 
have the medicinal agent incorporated with a paste consisting of 
starch, dextrin, tragacanth and sugar, with sufficient water tv) 
form a plastic mass. This is rolled into cylinders having a dia- 
meter of about 5 mm. and the cylinders are cut into sections 
about 5 cm. long, dried on parchment paper at room temperature 
and wrapped in tinfoil. Saheyhe acid 10%, or cocaine 5% are 
examples of the medicinal agents thus used. The pencils are 
applied directly to the skin 

Suppositories consist of a medicinal substance incorporated 
with a carrying vehicle that melts quickly when introduced into 
any of the natural openings of the body for which they are 
intended. The usual vehicle is oil of theobroma, commonly 
called cocoa butter, but may be soap, glycerine or glycerinated 
gelatin for certain purposes. The medicinal agent should be 
evenly distributed throughout the suppository by very thorough 
mixing. The mixture is melted and poured into chilled molds, 
or made into an ointment-like mass and pressed into molds by 
means of a screw press. 

Syrups are very nearly saturated solutions of sugar in water, 
with or without the addition of medicinal agents. 

Tablets are made by mixing the medicinal agent with pow- 
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dered milk sugar or powdered sugar, moistening with sufficient 
alcohol to make a paste and pressing into suitable molds. 

Tinctures are usually extractive preparations of vegetable 
drugs, made with alcohol or with alcohol and water. When 
potent drugs are used 100 cc. represents the active principle of 
10 grams of the drug; with the less potent drugs 100 cc. may 
contain the active principle of 20 grams. 

Triturations are mixtures of medicinal substances with an 
inert diluent, such as milk sugar. Usually 10 grains of the 
medicinal substance is incorporated with 90 grams of milk 
sugar. Triturations are particularly adapted to insoluble or 
sparingly soluble substances intended for internal adminis- 
tration, and make a very accurate method of dispensing small 
quantities of active drugs. 

Troches or Lozenges have the medicinal substance made into a 
soft paste or confection, which is divided into doses and dried. 
They are used chiefly for administering astringent, antacid, or 
antiseptic drugs that are intended to act upon the mouth and 
throat, and are administered by allowing the troche to dissolve 
upon the tongue slowly, thus permitting the medicinal substance 
to come in contact with the affected parts. 

Unguenta or Ointments are semisolid mixtures of fats and oils, 
sometimes with wax, lanolin, petrolatum, etc., with which the 
medicinal agents are intimately incorporated. They are rubbed 
upon the body, and hence the vehicles used should melt at the 
temperature of the body. The choice of the oil or fat to be used 
is dependent upon the action desired. Petrolatum does not 
penetrate the skin, while lanolin penetrates so readily that the 
medicinal substances are taken through the skin and such 
substances as iodine, mercury, etc., may be absorbed in the sys- 
tem. The vegetable and animal fats and oils stand between 
these two and penetrate into the skin, but not through it. 
Vegetable and animal fats and oils easily become rancid and are 
also affected by many of the chemical reagents, a mixture of 
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equal parts of petrolatum and lanolin is about as favorable a 
medium for most substances as can be desired. 

Careful analysis shows that the best made ointments are not 
homogeneous even when first made and consequently cannot be 
so after standing, especially since changes are apt to occur in 
some of them. 

Vaccines, see Serums. 

Vina, or Medicated Wines are solutions of 
medicinal substances in wine, usually white 
wine since it contains less tannin. The wine 
IS usually sweetened and strengthened with 
alcohol. Because of the great variation in 
the wines, and the unsatisfactory results 
obtained when it is used as an extractive, 
the use of medicated wines is on the decline. 

913. Quality. All substances taken as 
medicine should have the highest degree of 
purity. These are designated as U. S. P. 
(according to the United States Pharma- 
copeia) or C. P. (chemically pure). Fig. 208 
shows a bottle of C. P. sodium oxalate with 
the maximum amount of impurities indicated. 
Fig. 208. A Bottle It is practically impossible, and usually un- 

oi Chemically necessary, to obtain absolute purity, but the 
Pure Sodium -x- i i i 

Oxalate, Showing impunties should always be known. Ihe 

Purity on the following label shows a typical analysis of a 
Label. C. P. chemical. 

COBALT CHLORIDE C. P. 

Maximum Limits of Impurities 

Sulphates (SO3) 

Alkali Salts 
Zinc fZn) .. . 

Lead (Pb) . . 

Copper (Cu) 

Nickel (Ni) 


0 . 0100 % 
0 2500% 
.0 0800% 
.0 0200% 
0 . 0020 % 
0 . 1000 % 
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PATENT MEDICINES 

914. “Patent” and Proprietary Medicines Defined. A 

patent medicine, in the legal sense of the term, is a medicine 
whose composition, or method of making, or both, have been 
patented. It is not a secret preparation, because its composition 
must appear in the specifications at Washington. Moreover, a 
patent medicine becomes pubhc property at the end of seventeen 
years, since at that time the patent expires. Strictly speaking, 
there are very few patented medicines on the market, and the 
term is generally apphed to what are more properly called 
“proprietary” medicines. These concoctions are given fanciful 
names, and the names, after registration at Washington, become 
the property of the owner for all time. The composition of the 
preparation and the curative effects claimed for it may be 
changed as often as desired, but the proprietorship of the name 
remains unchanged. In the ordinary meaning of the words, 
however, it is customary for people to apply the term “patent” 
medicine to aU medicines made and sold by any manufacturer 
through druggists or direct to the consumer, where the physician 
has not given a special prescription. In this chapter the term 
“patent” medicine will be used in the ordinary meaning of the 
word, not in the strict legal sense. 

916. Extent of Self Medication. In 1905 it was estimated 
that between $75,000,000 and $100,000,000 were spent for 
patent medicines. In a report appearing recently it was stated 
that fully $500,000,000 are spent annually for patent medicines 
in the United States. 

The Purpose of This Part of the Chapter is not to condemn all 
patent medicines, but to try to show the student some of the 
underlying principles of the manufacture of patent medicines; 
the general nature of the habit forming drugs that are so often 
used ; and to urge upon him the necessity of knowing something 
about what he is taking, if he prefers self medication to profes- 
sional treatment. 
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916. Classification of Patent Medicines. While many 
patent medicines may be secured that claim to cure almost any 
disease, many make their strongest claim by pretending to cure 
certain specific diseases — several of which are 

hy drugs so far as is known to the medical profession at the 
present time, among which are cancer, consumption, epilepsy, 
and paralysis. A strictly ethical physician would not withhold 
any known cure for these or any other disease from other 
physicians, so that great care should be exercised in determining 
to trust to patent medicines aiming to cure such diseases. 

917. Method of Discussion. The analyses referred to have 
been made either by the chemists of the American Medical 
Association, or by the Government chemists. The discussion 
will be more along the broader lines of the effects of certain kinds 
of drugs upon the system, and to point out the classes of patent 
medicines making use of these drugs. The student can decide 
for himself whether he wishes to purchase and use an}^ particular 
patent medicine. 

For obvious reasons no names of manufacturers or their 
medicines will be given in this chapter. The statements made 
may all be verified by referring to the various publications 
cited, some of which may be obtained free of charge from the 
Superintendent of Public Documents, Washington, D. C, and 
the others may be obtained from the American Medical Associa- 
tion, Chicago, 111. The American Medical Association publishes 
annual reports on the analyses of various preparations under the 
heading ^^Annual Reports of the Chemical Laboratory of the 
American Medical Association.’' They will be referred to in 
this chapter as A. M. A. VoL V, p. 1, etc. Another publication 
of the Association, reprinted from Collier’s, is ^The Great 
American Fraud.” This will be referred to as G. A. F. Govern- 
ment publications will be cited by name and number. 

918* Widely Advertized Concoctions Containing Alcohol. 
Beer contains 3.5 to 7.5% of alcohol by volume; wine from 9 to 
17%; cider, from 3.5 to 7.5%; brandy, from the distillation of 



MEDICINES AND PATENT MEDICINES 


619 


wine, 44 to 55%; whisky, from the distillation of alcoholic 
liquids made from grains, 46 to 55%; rum, from 30 to 50%. 
The percentages by weight are approximately 4/5 of these 
figures. Ainong various widely advertized medicines containing 
a large percentage of alcohol are some of the well known sar- 
saparillas, stomach bitters, blood bitters, catarrh cures, so-called 
vegetable compounds, wines, etc., the percentage of alcohol 
varying from 9 to 44. Needless tosay the use of such compounds 
induces the liquor habit, and the government has wisely pro- 
hibited the sale of at least one of these to the Indians. (See 
circular of the Department of the Interior, dated Aug. 10, 
1905.) This widely advertized, but prohibited medicine may be 
closely imitated by using alcohol, water, l}4 

with a little cubebs for flavor and some burnt sugar to give 
color. Since the Volstead act went into effect many of these 
“medicines’^ have been discontinued. 

919. Medicines Containing Cocaine, Opium, Morphine, etc. 
This class of medicines is particularly dangerous, since they are 
habit forming and the effects are even worse than those of alco- 
hol. Since the Harrison Anti-narcotic law went into effect, 
March 1, 1915, the sale of this dangerous class of substances has 
been greatly lessened. A brief description of these drugs and 
their effects upon the system follows. 

Cocaine, Cocaine at first produces stimulation, then depres- 
sion of the different segments of the central nervous system, 
beginning with the brain and extending to the cord and the 
medulla. Respiration is at first quickened, then depressed until 
symptoms of respiratory paralysis appear. The heart is at first 
stimulated, later paralyzed. The blood pressure is at first 
raised, and the pulse accelerated, but later the blood pressure 
falls. 

Opium is a concrete milky exudation obtained from the unripe 
capsules of the papaver aomnijerum^ containing not less than 9% 
of morphine. It may be obtained as a very ifine powder, when 
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the juice is dried at not more than 60"^ C. and ground. The 
powder contains 12 to 12 . 5 % morphine. 

Morphine is the alkaloid derived from opium. It has the 
formula C17H19NO3.H2O, and occurs as white prisms, having a 
silvery luster and bitter taste. The actions of morphine are 
three (1) a specific central analgetic action; (2) a depressant 
action on the entire central nervous system of a descending 
type; ( 3 ) a constipating effect. It is practically devoid of local 
action except on the gastro-mtestinal tract. Central excitation 
may occur, followed by depression. Nausea and vomiting may 
occur, lasting for hours. It is usually used as the sulphate, 
(Ci7Hi 9N03)2H2S04.5H20. The respiratory center is depressed 
by relatively small doses of morphine, and use is made of this 
in cough syrups and so-called consumption cures, but if the 
cough is ^^productive^' the depression of the cough reflex may 
cause a dangerous retention of secretions of the inflamed mucous 
membranes that should be expectorated. 

Cocaine has been widely used in numerous so-called catarrh 
cures as well as in soothing syrups for babies. Other substances 
used in the latter class of medicines, in addition to cocaine, 
opium and morphine, were heroin, Ci7Hi7(C2H30)2N03; codeine, 
CigH2iN03.H20, an alkaloid from opium; chloroform, CHCI3; 
chloral hydrate, CCl3.CH(OH)2; and cannabis indica, commonly 
called Indian hemp. Farmers^ Bulletin, No. 393, page 5, gives 
a list of 13 well known and widely advertized soothing syrups 
that contained one or more of these dangerous substances before 
the Harrison law became operative. See also Bulletin No. 401 . 
Some of these have now been radically changed. 

920. Cough and Cold Remedies, containing usually the same 
drugs as found in soothing syrups and sold indiscriminately, 
have been put on the market both as syrups and as lozenges and 
pastilles. See Farmers^ Bulletin No. 393 for a list of these 
remedies. Consumption cures are in the same class, and have 
long offered an inviting field for quacks, since the victim of the 
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disease will usually buy anything to bring about a cure. Here 
especially the depression of the cough reflex is dangerous. The 
ravages of the disease are not checked and the secretions are 
absorbed instead of being expectorated, thus increasing the 
toxins in the body. A considerable list of consumption cures (?) 
may be made out if the student will consult Farmers’ 
Bulletin No. 393, page 14; G. A. F. page 60; A. M. A. Vol. 3, 
page 102, 107; Vol. 4, page 67; Vol. 6, page 67. One analysis 
showed the mixture to consist of alcohol 44%, sulphuric acid 
4%, and water 52%. Another was chiefly creosote and sugar; 
while a third was 16% alcohol, a dash of strychnine, and a 
little cochineal. 

921. Headache Cures. Many headache remedies have been 
introduced since 1884. Antipyrine was first used that year, 
followed in 1886 by acetanilid and in 1887 by phenacetin, all of 
which affect principally the heart and circulation, and then other 
parts of the body. Blueness of the skin, particularly the lips and 
mouth, nose and ears, nails and fiinger tips, and other parts of the 
body if the dose is large, is common, due to destructive changes 
m the blood, leading to anemia, with the regular symptoms — 
pallor, shortness of breath, palpitation of the heart, muscular 
weakness, and disinclination to make any exertion. At first 
these remedies were used for reducing fevers, but owing to the 
weakening effects they were used more and more for the relief 
of pam — headache and other minor ills. These substances do 
not act as foods as often claimed, but acetanilid tends to impair 
the nutrition of the body. A report sent to 925 physicians, and 
answered by 400 showed 1669 cases of poisoning from the use of 
these drugs over a period of 24 years of which 55 resulted 
fatally, and with 169 cases of habitual use. In poisoning by 
acetanilid there is general weakness, dizziness, faintness, lividity 
of the face, a pinched and anxious expression, shortness of 
breath, great restlessness, sweating, coldness of the extremities, 
rapid and weak pulse, and in severe cases stupor and loss of 
consciousness. At one tune it was thought that the depressing 
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effects of acetanilid were counteracted by caffein, but this was 
later shown to be erroneous. 

Acetanilid j CsHgNO, or C6H5NH(CO.CH3), occurs as white, 
shining, crystalline scales, with a slightly burning taste. It is 
soluble in 180 parts of water at C. and is also soluble in 
alcohol, ether and chloroform. When acetanilid is taken into 
the body it is changed into para-amino-phenol and this sub- 
stance depresses the heart. 

Antipyrine, C11H12N2O, is a fine white crystalline powder, 
soluble in water, alcohol, chloroform and ether, and melting at 
112.5°. A single dose of five grains or less may produce alarming 
symptoms in adults while a dose of 10 to 15 grains has produced 
serious consequences, some individuals reacting more easily 
than others, WTiile antipyrine shows many of the same effects 
as caused by acetanilid poisoning, it also causes eruptions 
resembling hives, scarlatina, or measles, swelling of the face, 
temporary blindness, and abscesses. 

Phenacetinf or Acetphenetidirij Cio H13NO2, is a white tasteless 
crystalline powder, soluble in 925 parts of water, and in chloro- 
form and ether, in smaller amounts. It melts at 134° to 135°. 
Phenacetin was the result of chemical investigation to discover, 
if possible, some agent of the coal-tar class which would produce 
all of the desirable characteristics of acetanilid and be free from 
its undesirable effects. These results were only partially ob- 
tained for it produces many of the harmful effects and the 
general effects in cases of poisoning are about the same. 

In The Great American Frauds page 38, may be found a list of 
many well known headache cures, both ''ethicar^ and “patent'" 
that depend for their results upon the heart-depressing effects of 
acetanilid, and the article goes on to state that practically all 
of the drug store vended “headache cures" and “anti-pain" 
remedies depend upon this substance for their effects. 

Codeine sulphate, (Ci8H2iN03)2.H2S04*5H20, is used to replace 
opium and morphine to some extent and is found in a number of 
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headache mixtures. Farmers' Bulletin No. 393, page 15, men- 
tions a number of headache cures as illustrations of this class, 
and states that the general effect is simply to benumb or stupefy 
the senses, but not to remove the cause of the trouble. 

922. Epilepsy, There is no drug or mixture of drugs known 
to the medical profession which will eradicate epilepsy. The 
best they can do is to diminish the frequency of the attacks by 
certain medicines and by regulating the diet. However, a 
number of epilepsy cures are on the market, containing one or 
more bromides, but a number of them contain opium or mor- 
phine, the primary purpose of which is to create a demand for 
the remedy. Among these are the numerous so-called cures 
mentioned in The Great American Fraud. See also A. M. A. 
Vol. 8, pp. 52-79, where the subject of the analysis of epilepsy 
nostrums is discussed in detail, with special reference to their 
bromide and chloride content. Ammonium, sodium and potas- 
sium bromides seem to be the chief ingredients of these medi- 
cines, with sometimes small amoxmts of the bromides of calcium 
and strontium, or small amounts of the chlorides or carbonates. 
Alkaloids are not present to the same extent as in nostrums of the 
same kind before the passage of the Harrison narcotic act. 

In the same way there is no cure for cancer hy the use of drugs ^ 
yet there are several on the market, some of which are more f uUy 
discussed in G. A. F. 

923. Obesity Cures must also be classed among the quack 
remedies. A. M. A., Vol. 5, page 60, describes one obesity cure 
as consisting essentially of sodium carbonate, magnesium sul- 
phate, potassium nitrate and sodium sulphate, to be used as a 
bath powder. Another remedy for the same purpose (A. M. A. 
Vol. 5, page 89) was chiefly milk sugar and casein, and may be 
made from the evaporation of skimmed milk. A third remedy 
(A. M. A. Vol. 6, page 52) consisted of alcohol, 53.32%; soap, 
3.61%; potassium iodide 12.01%; sugar, 12.87%; water and 
undetermined, by difference, 18.19%. The changes in the com- 
position and the label of another obesity cure are fuUy described 
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in A. M. A. Vol. 6, page 57. A rather new remedy described in 
the same volume, page 63, consists of boric acid, 59.4%; corn 
starch, hydrous, -20.1%; milk sugar, hydrous, 12.6%; water, 
flavoring extracts, etc., by difference 7.9%. The statement is 
made that persons taking this remedy get about 9 grains of 
boric acid in each tablet, and that the use of these tablets will 
reduce obesity only in those instances in which the boric acid so 
seriously impairs the digestion that the patient loses weight 
from the resulting illness. Still another obesity cure is said to 
be duplicated by a mixture of powdered alum, 1 pound; alcohol, 
10 ounces; water sufficient to make 1 quart. The analysis 
shows 0.16% sodium iodide. The cost of the duplication is not 
over 30 cents, but the remedy sells for $20.00. 

924. Hair Tonics aim to stimulate the growth of the hair, 
and thus appeal to the vanity rather than to vital processes, 
but some of them contain dangerous substances, such as para- 
phenylen-diamin, which should not be used since it tends to 
produce eczema. See A. M. A. Vol. 3, page 71; page 110; 
Vol. 6, page 55. Of these, one, advertized in such a manner as 
to make the reader believe that it contains quinine as its main 
ingredient, was found by analysis to contain only 0.02% quinine 
or cinchona alkaloids, just enough to escape prosecution under 
the federal Food and Drug Acts for misbranding. 

926. Hay Fever. As an example of the difference in reme- 
dies for the same disease, one remedy for hay fever is said to 
contain 99.95% cocaine hydrochloride (See Notice of Judgment 
No, 323). Another remedy for the same disease, retailing for 
$1.00 for about 2^ ounces was found to be nothing but milk 
sugar, and no medicinal substances could be detected. See 
A. M. A. Vol. 4, page 79. 

926. Sleeplessness. Hypnotic alkaloids, bromides, chloral, 
and other hypnotics such as diethyl-barbituric acid (veronal) 
and sulphon-methane (sulphonal) are often used to induce 
sleep. It would be natural to look for one or more of these 
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substances in any remedy professing to overcome sleeplessness, 
but in one remedy the essential ingredients turned out to be 
asafetida with gypsum and powdered capsicum, none of which 
have any value for the purpose mentioned by the advertisers. 
See A. M. A. Vol. 4, page 103. 

927 . One Eczema Lotion selling for $2.00 a pint, was found 
by analysis to consist essentially^ of the following substances in 
each 100 cc. of the solution; mercuric chloride, 0.0463 gm.; 
mercuric nitrate, 0.0450 gm.; glycerine 1.3021 gm.; nitric acid, 
1.0265 gm.; water, 98.5545 gm. The estimated cost of making 
it is 6 cents per gallon, or about $2.00 per barrel. See A. M. A. 
Vol. 3, page 45. 

928 . Miscellaneous Preparations. One very widely known 
cure (?) for tired and '^smelly'' feet selling for about one cent 
per tablet is said to consist of alum, 60%; tannic acid, 10%; 
salicylic acid, 5%; talcum, 5%; starch, 20%. (A. M. A. Vol. 4, 
page 1 12.) These tablets were to be dissolved in warm water and 
the feet soaked thoroughly. Warm water alone will remove the 
tired feeling, and a little soap w^ill remove the smell. Or a tea- 
spoonful of formalin per pint of water may be used, drying 
without wiping. How’evei*, the ex-owner of the preparation is 
said to have cleared a million dollars from the sale of the tablets, 
and the final disposal of his interests. 

One highly exploited new ^^elixir of life” is given several pages 
in A. M. A. Vol. 5, beginning on page 71. It is shown to be 
essentially casein, the chief part of cottage cheese, and the com- 
ment is made that one dollar^s worth of wheat flour contains as 
much energy as $197 worth of this wonderful preparation. 

One “cure all” was formerly said to be effective in any disease 
where the cause was due to germs. One bottle was given free 
with the understanding that if benefited the user would pur- 
chase six more bottles. The regular selling price was fifty 
cents for a small bottle. A series of analyses carried out by 
chemists all over the United States showed that the remedy 
consisted essentially of water, nearly 99% ; sulphuric acid, 0.9% ; 
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sulphurous acid, 0.3%; with a little burnt sugar to color it. It 
cost about five cents per barrel to manufacture it. 

The substances mentioned in the foregoing paragraphs are not 
all that might be studied with profit to the student. He prob- 
ably agrees, however, that for satisfactory self medication he 
will need to exert great care not to become addicted to habit 
forming drugs, and he should watch carefully to see that he is 
not paying exorbitant prices for simple remedies. Probably 
self medication for minor ills is here to stay, so that if one does 
not care to visit a physician, but prefers to prescribe for himself, 
he should at least study the declared substances on the labels 
of the bottles, and then decide whether it is the thing required 
for his special ailment. If he cannot decide these points it is 
better to take the advice of a competent physician. 
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CHAPTER XXXIX 


POISONS, TOBACCO, ALKALOIDS AND GLUCOSIDES 

929. Poisons Defined. A poison may be defined a^s any 
substance that acts deleteriously upon the body, so as to produce 
sickness or death. It may be taken into the body through the 
mouth, through cuts or wounds, or by absorption through the 
skin or membranes, and the amount required to produce death 
may vary from a fraction of a grain to several ounces, depending 
upon the nature of the poison, 

930. Poisons Classified. Poisons are generally classified 
(1) as to the source, whether inorganic or organic, and (2) as 
the effect upon the human system, whether corrosive, irritant, 
neurotic, etc. The following diagram thus classifies the common 
poisons: 

I. Inorganic 

1. Corrosive 

a. Strong acids 

b. Alkalies 

c. Caustic Salts 

2. Irritant 

a. Salts of potassium, sodium, barium, etc. 

b. Metalloids — phosphorus, chlorine, bromine, 

iodine 

c. Compounds of arsenic, antimony, mercury, lead, 
copper, tin, zinc, silver, iron, bismuth, chromium 

3. Vulnerants, as powdered glass, tacks, needles, etc., 

causing perforations in the stomach, bowels or heart. 

IL Organic 

1. Irritant 

a. Animal 

a) Snake and insect poisons 
628 
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b) Ptomaines, cantharides 
b. Vegetable 

Aloes, colocynth, gamboge, jalap, castor oil seed, 
elaterium, croton oil, hellebores, savin, yew, 
ergot, hemlocks, laburnum arum, bryony, etc. 

2. Neurotic 

a. Somniferous 

Opium and its alkaloids 

b. Deliriant 

Belladonna, hyoscyamus, stramonium, sola- 
nmn, cannabis indica, cocaine, camphor, 
poisonous fungi 

c. Inebriants 

Alcohol, ether, chloroform, chloral, carbolic 
acid, nitro-benzol, anihne, benzene, turpentine, 
nitroglycerine 

3. Sedatives or Depressants 

a. Neural 

Conium, lobelia, tobacco, physostigma, curara 

b. Cerebral 

Hydrocj^anic acid, oil of bitter almonds 
e. Cardiac 

Aconite, digitahs, veratrum, colchicum 

4. Excito-motory or Convulsives 
Nux vomica, strychnine 

III. Asphyxiants 

Poisonous and irrespirable gases 
931 . Effects of Different Classes of Poisons. Effect of 
Corrosives- Corrosives have a sour, acid, alkaline or metallic 
taste and produce a burning pain at once all the way from the 
mouth to the stomach. Vomiting occurs, either brown or 
black. Gases are emitted through the mouth, and there is 
cough, weak voice and great thirst. Collapse may occur, the 
pulse is small and rapid, and the victim is usually conscious 
until death. 
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. Effect of hritmits. Irritants produce a burning pain, a feeling 
of constriction in the throat and pain in the stomach, with 
intense thirst. At first vomiting of food and bile occurs, but 
later altered blood is vomited. Purging occurs, with pain in the 
abdomen, hoarseness, cramps, collapse and fever. 

Effect of Neurotics. Neurotics produce different effects, 
depending upon the nature of the drug taken. Narcotics pro- 
duce giddiness, dimness of vision, headache, contraction of the, 
pupils, confusion of thought, drowsiness, insensibility, coma 
and occasionally convulsions. Dehriants produce active delir- 
ium, illusions of sight and hearing, dryness and redness. Ine- 
briants produce great excitation of the brain, circulation and 
respiration, followed by staggering, double vision, mania, sleep, 
insensibility to pain, and death. 

Effect of Depressants. Neural depressants cause paralysis 
of the spinal cord; cerebi'al depressants act by inhibiting the 
functions of the brain; cardiac depressants kill by sudden shock 
or collapse. 

Exdto-motory poisons cause twitchings and then convulsions. 

932. A General Antidote is often administered where the 
nature of the poison is unknown, consisting of a mixture of 
different substances each intended for a certain purpose. As 
an example of general antidotes, 2 parts of powdered charcoal 
are mixed with 1 part each of tannic acid and heavy magnesium 
carbonate. The powdered charcoal absorbs alkaloids, tannic 
acid precipitates many metals and alkaloids, while magnesium 
carbonate neutralizes acids and hinders the absorption of 
arsenic. The dose is a large teaspoonful of the mixture. 

Demulcents or Soothing Agents are administered for the pur- 
pose of overcoming the irritating effects of poisons, and consist 
of such substances as oils, starch, milk, the white of egg, etc. 

Stimulants are administered where the heart is greatly 
depressed and consist of brandy, aromatic spirits of ammonia, 
etc. 

Saline infusions are injected in cases of great coUapse. 
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Purgatives such as castor oil cause bowel movements. 

Pain is overcome by hypodermic injections of morphine. 

Emetics produce an emptying of the stomach by vomiting. 
Ipecac, 30 grains; zinc sulphate, 30 grains; or copper sulphate, 
10 grains; may be given in half a glass of warm water; or 1 table- 
spoonful of mustard in warm water. 

Sedatives are given where there is great excitation. These 
may consist of chloral, 30 grains; opium 3^ grain; potassium 
bromide, 2 drachms; or chloroform by inhalation. 

933. Antidotes vary according to the nature of the poison. 
In general it may be said that acids are used as antidotes for 
alkalies, and alkalies as antidotes for acids, by neutralization. 
Some of the common antidotes are glacial acetic acid, liquor of 
ferric chloride, heavy magnesium carbonate, magnesium sul- 
phate, 2 drachms, for lead or barium poisoning; amyl nitrite, 
2 minims, for aconite and chloroform; nitroglycerine tablets, 
1/100 grain; potassium permanganate, 2 grains; sodium bicar- 
bonate, 10 grains; tannic acid, for alkaloids; hydrogen peroxide, 
for phosphorus; oil of eucalyptus for strychnine; apomorphine 
hydrochloride, 1/10 grain as an emetic; atropine sulphate 1/100 
grain for aconite, morphine, pilocarpine, poisonous fungi, etc.; 
cocaine hydrochloride, 1/6 grain; digitalin 1/100 grain for acon- 
ite; morphine sulphate 3^ grain for belladonna; pilocarpine 
nitrate, grain for belladonna; strychnine sulphate 1/60 
to 1/20 grain, for nicotine and tobacco. 

934. Special Treatment for the different poisons may be 
given as follows: 

Acetanilid. Emetic or stomach tube. Inject 1/25 grain of 
strychnine. Apply warmth to the body. 

Addy Carbolic, Stomach tube. Sodium sulphate, 1 ounce; 
magnesium sulphate, ounce; or saccharated lime water 1 
ounce in three ounces of water. 1 drachm may cause death in 
from 3 minutes to 6 hours. 

Acidj Chromic, Stomach tube with great care. Chalk 
oxmce in phit of nailk; followed later by olive oil, milk, 
gruel, or white of egg in water. 
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Acidj Hydrochloric. Plenty of water. Stomach tube with 
care. Sodium carbonate 2 drachms in 5 ounces of water; soap 
and water; calcined magnesia, 3^ ounce in 34 pmt of water or 
milk; chalk; dilute ammonia, or white of egg and water. 1 
drachm may cause death within 24 hours. 

Acidy Hydrocyanic. Cold water over the head and chest. 
Emetic. Brandy, artificial respiration; faradic current. In- 
haling air saturated with the gas causes instant death. 30 
drops of a very dilute solution cause death m 10 to 15 minutes. 
With more concentrated solutions death has occurred within 
2 minutes. If a person poisoned with hydrocyanic acid lives 
for 30 minutes he may recover. 

Acidj Nitnc. Soap and water. Calcined magnesia, chalk, 
whiting, or sodium carbonate and water. Later, olive oil and 
white of egg. Morphine hypodermically. The fatal dose is 
from 2 to 4 drachms, death ocurring within 24 hours. 

Add, Oxalic. Stomach tube with care. Chalk }/•> ounce in 
5‘ ounces of water; saccharated lime water 4 drachms in 2 ounces 
of water, repeated every half hour until 8 doses have been given. 
Stimulants. Gruel. 1 drachm may cause death after many 
days. A large dose may be instantly fatal. 

Acid, Sulphuric, Treat as for nitric acid. The fatal dose is 
from 1 drachm to 4 ounces depending upon the contents of the 
stomach, in 18 to 24 hours. 

Aconite, Emetic or stomach tube. Subcutaneous injections 
of digitalis, 15 minims; later brandy, with warmth, friction and 
artificial respiration. 

Alcohol, Stomach tube. Cold effusions applied to the head. 
Later hot strong coffee and warmth. Children have died from 
drinking 2 or 3 glasses of whisky. A half pint of methyl alcohol 
is sufficient to kill a man in from 1 to 2 daj^s. 

Alum, 2 to 8 dractims prove fatal. 

Ammonium Hydroxide. Treat as for potassium hydroxide. 
1 drachm has caused death in a few minutes, but usually several 
hours are required. 
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Amhne. Stimulants. Artificial respiration. Bleeding and 
intravenous injections of warm salt solutions, 1 drachm to the 
pint. Several drachms are usually required for fatal results, 
death occurring in a few hours. 

AnUmony. Stomach tube or emetics. Glycerine of tannic 
acid, 2 fluid dr. in 5 ounces of water; or tannic acid, 30 grains in 
5 ounces of water, repeated if vomited. Strong tea or coffee. 
3^ pint of milk, stimulants, heat and friction. 2 grains or less of 
tartar emetic have caused death, the usual time required being 
about 24 hours. Antimony chloride is not as dangerous, 2 
ounces proving fatal. 

Anhpynne. Stomach tube. Brandy. Subcutaneous injec- 
tions of strychnme grain; warmth. 

Arsenic, Emetic or stomach tube. Ferric hydrate. 2 grains 
may cause death in from 2 to 20 hours. 

Atropine, Stomach tube or emetic. Brandy. 1 pint of 
strong hot coffee. Hypodermic injections of morphine, grain. 
Flicking, pinching, warm and cold douche. Heat, friction and 
artificial respiration. 

Barium Salts, Stomach tube or emetic. Sodium sxilphate 
1 ounce, or magnesium sulphate ounce in 5 ounces of water; 
alum, 1 drachm in 5 ounces of water. Stimulants. Heat 1 
drachm of barium chloride or barium carbonate has caused death 
within an hour. 

Benzol, Stomach tube or emetic. Later brandy, and inhale 
ammonia. 3 drachms have caused death in about 18 hours. 

Camphor, Stomach tube or emetic. Later ammonia, brandy, 
heat, or injection. 30 grains have caused the death of infants. 

Cannabis Indica (Indian hemp). Stomach tube, emetic. 
Stimulants. Apomorphine hydrochloride. 

Cantharides, Stomach tube. Emetic. Demulcents. Opium 
or morphine. 1 1 grains of the powder or 1 ounce of the tincture 
cause death in several days. 

Carbon Dioxide, Fresh air, or oxygen. Artificial respiration. 
Ammonia vapor, stimulants and heat. Carbon dioxide proves 
fatal when it constitutes 10 to 15% of the air. 
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Carbon Monoxide, 1% proves rapidly fatal. 2% is 

instantly fatal. 

Charcoal Vapors, These consist of 20 to 25% carbon dioxide 
and 2 to 3% carbon monoxide, and act in the same manner as the 
separate gases. 

Chloral Hydrate, Prevent sleep by wet towels. Emetic. 
Stomach tube. Heat on feet. Later hot strong coffee, artificial 
respiration. Oxygen. 20 to 30 grains prove fatal in from 6 to 
10 hours. 

Chlorine, Inhale ammonia, alcohol or hydrogen sulphide. 
Air or oxygen. 

Chloroform, Inhaled. Unfasten clothing. Withdraw the 
tongue. Oxygen. Alcohol. Brandy. Enema, Chloroform 
swallowed. Stomach tube or emetic. Olive oil. Wet towels. 
Hot coffee. 3^ ounce may prove fatal, death not occurring until 
30 hours or more have elapsed. 

CoalOas. Fresh air. Oxygen. Stimulants. Coffee. Ammonia. 

Cocaine. Emetic. Stimulants. Amyl nitrite, inhaled. 
% grain causes death. 

Conium (hemlock). Emetic. Stimulants. Oxygen. Hypo- 
dermic injections of strychnine. 5 minims cause death. 

Copper Salts, White of egg and warm water. Milk. Emetic. 
Stomach tube. Later, demulcents, morphine or laudanum and 
heat. 1 ounce of copper sulphate or 3^ ounce of verdigris will 
cause death in 4 hours up to several days. 

Croton Oil, Stomach tube. Emetic. Stimulants. Tincture 
of opium. Heat, friction, hot fomentations on abdomen. 

Digitalis, Emetic, tannin, 30 grains. Stimulants. Recum- 
bent position. 30 grains of the leaves, 1 ounce of the tincture, 
or grain of digitalin prove fatal, the time required being 
usually several days. 

Formalin. Small doses of highly diluted ammonia or ammo- 
nium acetate every hour. 

Fungi, Emetic. Stimulants. Hypodermic injection of 
atropine sulphate 2 minims. The poison of toadstools is largely 
phallin and muscarin. Death occurs often in about 24 hours. 
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Hydrogen Sulphide may prove rapidly fatal if present in the 
air to extent of 1%. Treat as for carbon dioxide. 

Iodine, Emetic. Stomach tube. Later, starch and water. 
Amyl nitrite. Morphine and hot fomentations. 20 grains of 
iodine or 1 ounce of the tincture will cause death, usually several 
days elapsing before death occurs. 

Iodoform. Emetic. Stomach tube. Dilute solution of 
sodium bicarbonate. Stimulants. Hot pack. Subcutaneous 
injection of saline solution. 30 grains cause death in a few days, 
or death may be delayed for 2 or 3 weeks. 

Lead Compounds. Stomach tube. Emetic. Magnesium, 
sulphate, ounce, sodium sulphate, 1 ounce in 5 ounces of 
water. Dilute sulphuric acid, 30 minims in 3^ pint of water. 
Milk, white of egg and water; poultices on the abdomen, mor- 
phine, and later potassium iodide. 1 ounce or more constitutes 
a fatal dose. 

Lime. Carbon dioxide, aerated water, acetic acid or vinegar, 
oil. 

Mercuric Chloride (Corrosive sublimate). Stomach tube with 
great care. Flour and water or arrow root and water. White of 
egg, since the white of 1 egg will coagulate and combine with 
4 grains of mercuric chloride; stimulants, hot blankets and 
bottles, later morphine. 3 grains have caused death. The usual 
time required is 3 or 4 days but it may occur within 
be delayed for a week or more. 

Nicotine. (Tobacco.) Stomach tube. Emetic. Stimulants. 
Warmth. Oxygen, strychnine, later stimulants. The nicotine 
contained in an old pipe has caused death. Death has occurred 
from sleeping among bales of tobacco, or from smoking a single 
pipeful. A few drops of nicotine will cause death in a few 
minutes. 

Nitrobenzol. Stomach tube. Emetic. Oxygen. Subcu- 
taneous injection of solution of atropine sulphate, 2 minims. 
From 8 to 10 drops have caused death in from 4 hours to 2 days. 

Nitroglycerine. Recumbent position. Cold effusions. Later, 
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hypodermic injection of ergot, 3 minims, or atropine sulphate, 
2 minims. 

Nitrous OxidOj (Laughing gas). As for chloroform. 

Opium. Apomorphine hydrochloride hypodermically. 
Stomach tube. Emetic. Wash the mouth with solution of 
potassium permanganate, diluted with 5 volumes of water, and 
leave 5 ounces in the stomach. Strong hot coffee 1 pint by the 
rectum. Ether, 60 minims, hypodermically. Ammonia or 
smelling salts. Oxygen. Constant walking. 4 grains of opium, 
or 1 drachm of laudanum will often cause death in 8 to 12 hours. 
On the other hand those who begin with very moderate doses 
are able to increase them gradually until excessive doses may be 
taken. Thomas DeQuincy took as his maximum 300 grains of 
opium or 9 ounces of laudanum. 

Phosphorus. Stomach tube or emetic. Oil of turpentine 20 
minims every half hour until 6 doses have been given; or hydro- 
gen peroxide, 30 minims, repeated. Purgative. ounce mag- 
nesium sulphate. Avoid fats and oils. 1 grain of finely divided 
phosphorus has caused death in 4 hours. Death may, however, 
be delayed for several months. 

Potassium Binoxalate. Treat as for oxalic acid. ounce 
may cause death within 8 minutes. 

Potassium Chlorate. Stomach tube. Emetic. Demulcent 
drinks. Purgative warmth, 3 drachms may cause death in 5 
hours, or the time required may be several days. 

Potassium Cyanide. Stomach tube. Emetic. Ferrous sul- 
phate, 5 grains in 5 ounces of water. Strychnine hypodermi- 
cally. Ammonia vapor. Oxygen. Friction, Alternate hot and 
cold douches. 2}4 to 5 grains make a fatal dose. 

Potassium Dichromate. Stomach tube. Emetic. Chalk, 
3^ ounce in }4, pint of milk. Heat. 2 drachms will cause death 
in 1 hour or more. 

Potassium Hydroxide. Stomach tube with care. Vinegar or 
dilute acetic acid. Lemons. Olive oil. Potassium hydroxide 
and sodium hydroxide cause death by dehydrating and saponi- 
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Santonin. Stomach tube. Emetic. Stimulants. If in 
convulsions, potassium bromide and chloral. Later stimulants. 

Savin. Emetic. Later demulcents, castor oil, opium or 
morphine. 

Sewer Gas. Fresh air. Stimulants. Oxygen. Coffee. Heat. 

Silver Salts. Sodium chloride ounce. Stimulants. White 
of egg with water. Milk. Thirty grains cause death in from 
6 to 24 hours. 

Sodium Hydroxide and Sodium Carbonate as potassium 
hydroxide. Forty grains of sodium carbonate will cause death 
within 24 hours. 

Strychnine. Potassium permanganate wash for the stomach 
with 3 volumes of water every 34 hour. Apomorphine hydro- 
chloride, 5 minims. Potassium bromide, 1 drachm every half 
hour. Chloral hydrate, hypodermically. Later, inhale chloro- 
form. Oxygen. Three grains of the extract, 30 grains of 
powdered nux vomica, or 34 grain of strychnine cause death 
in from 10 minutes to 3 or 4 hours, occasionally to 6 hours. 

Tartar Emetic (Potassium antimony tartrate). Stomach 
tube. Tannin, 30 grains. Vegetable astringents. Tea, coffee, 
and later stimulants. 

Tobacco. Emetic. Tannin. Strychnine, 1/20 grain. Stim- 
ulants. Recumbent position. See Nicotine. 

Turpentine. Stomach tube. Emetic, Magnesium sulphate 
34 ounce. Demulcents. Later morphine. 

7dnc Salts. White of egg. Sodium carbonate in dilute 
solution. Demulcents. Strong tea. Fomentations. Mor- 
phine. ounce of zinc sulphate causes death in 4 hours or 
more. 

936. Tobacco is Composed of a large number of substances 
common to the vegetable kingdom, such as starch, cellulose, 
albuminoids, glucosides, resins, chlorophyll and many vegetable 
acids. Freshly cut leaves contain 80 to 90% of moisture. The 
normal percentage when ready for market is about 14% but 
often as high as 20% is found. 
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Nicotine, the characteristic constituent of tobacco, varies 
from 1 to 10 %. Thick leaved varieties contain more than the 
thin; the top leaves more than the lower leaves; and the per- 
centage increases with the growth. Dark colored varieties 
contain more nicotine than light, and the use of large quantities 
of nitrogenous manure increases the percentage. Nicotine has 
the formula C 10 H 14 N 2 . It is a volatile liquid. As found in 
tobacco it occurs as the malate and citrate. It is pungent, 
colorless and hygroscopic and its poisonous nature causes large 
quantities of it to be used as insecticides. Nicotine and its 
salts may be precipitated from even dilute solutions by the use 
of alkaloidal reagents, such as gold chloride, iodine, picric 
acid, etc. Nicotine may be obtained from tobacco by extracting 
with water in some form of continuous extraction apparatus. 
Lime or soda solution is then added and the liquid is steam 
distilled, after which the nicotine is extracted with ether. 
Nicotine treated with a drop of formalin and then with a drop 
of nitric acid gives a rose red coloration. 

The Organic Acids in Tobacco are chiefly malic, pectic, 
citric, and oxalic. Acetic, nitric and tannic acids are found 
to a smaller extent. These acids are combined with the nicotine 
and during the sweating process the nicotine is partly liberated 
from its salts and part of it escapes. Various other chemical 
changes occur at the same time. 

The Cause oj the Aroma is not definitely known, but is believed 
to be closely connected with the considerable reduction of the 
nicotine content of the leaf during fermentation. High nicotine 
content is often associated with poor aroma. 

The Odor of the Smoke is due partly to the volatilization of 
aromatic compounds, and partly to chemical changes in the 
constituents. In tobacco smoke have been found nicotine, 
ammonia, pyridine, carbon monoxide, trimethylamine, but 3 a’ic 
acid, and traces of nicotianin, hydrocyanic acid and formalin, 
in addition to carbon dioxide and water vapor. 

The Ash varies from 10 to 25%, and is smallest in the light 
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tobaccos used for cigarettes, and greatest in the leaves used 
for cigars. Excluding sand, which may adhere to the leaf 
mechanically, the ash consists of potash, Ume, magnesia, iron 
oxide, alumina, soda, carbonic, silicic, sulphuric and phosphoric 
acids, and chlorine. Potash, K 2 O, may constitute 30% or even 
more of the ash. The magnesia and silica stand next while the 
other oxides occur in comparatively small amounts. The 
combined chlorine varies from a trace to 15%. From the large 
amount of potash found in the ash it may be seen that tobacco 
is an exhaustive crop. 

Tobacco IS Used in various forms, such as the cut, twist or 
roll, cake or plug, cigars, cigarettes and snuff. Snuff is sold 
as dry or moist ; the dry being made from the stems and midrib 
and ground finer than the moist, which may contain a varying 
percentage of the leaves. The stalks are cut small and mois- 
tened with water or lime water. They are allowed to ferment 
for several months and are then ground, dried, flavored and 
sifted. The essential oils, ground orris root and ground Ton- 
quin beans are used to flavor snuff. 

936. Other Narcotics include a large number of substances 
known as vegeto-alkaloids. These are nitrogenous carbon 
compoimds, possessing basic properties. They occur in plants 
usually as the salts of organic acids. The greater number of 
them contain carbon, hydrogen, oxygen and nitrogen, but in a 
few cases, as nicotine and coniine, oxygen is lacking. Alkaloids 
are distributed in different proportions throughout the plant. 
Very little is known about the actual mode of formation, but 
during the life of the plant the alkaloid is gradually deposited 
in the bark, while if the plant is cut down after flowering the 
alkaloid often accumulates in the root. 

937. General Properties of Alkaloids. The alkaloids are 
usually solid and are mostly crystalline. A small number, 
including nicotine, coniine, and pilocarpine are liquid. Some 
are volatile and distil with water, although alone they boil 
at much higher temperatures, often without appreciable decom- 
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position. Alkaloids are mostly insoluble or slightly soluble in 
water. Alcohol is the best solvent. They are usually soluble 
in chloroform, but less soluble in ether, benzene, or amyl 
alcohol. Alkaloids combine directly with acids to form salts, 
usually crystalline, and often soluble in water or alcohol, but 
generally insoluble in ether or chloroform. Alkaloids nearly 
always act as monacid bases even when they contain two 
nitrogen atoms, but there are some exceptions, such as the 
cinchona alkaloids, of which quinine is a diacid base. 

The following are the more generally known alkaloids — 

Aconitine, C34H46O11N, found in monkshood and wolfsbane, 
is a powerful poison, 1/20 to 1/50 grain having caused death. 

Atropine, CiyHasOsN, is highly poisonous. It is used for 
dilating the pupils of the eyes. As little as one part in 130,000 
will dilate the pupil of a cat^s eye. 

Hyoscyamme, C17H23O3N, is an isorneride of atropine and 
acts in the same manner. 

Scopolamine, C17H21O4N, acts upon the eye more violently 
than atropine. 

Berhenne, C20H17O4N, is not poisonous and is used as a tonic. 

Coniine, CsHnN, found in hemlock has a very penetrating 
odor^ and burning taste. It is a powerful poison. 

Emetine, C30H44O4N2, is found in ipecacuanha (ipecac). 
In minute doses it acts as an emetic; in larger doses it causes 
collapse and death. 

Gelsemine, C20H22O2N2, from the root of the wild jasmine, 
resembles coniine in action. It is highly toxic and acts upon 
the eye. 

Hydrastine, C2iH2i06N, occurs in the root of Hydrastis 
canadensis to the oxt^nt of about 1.5%. It is used in medicine 
as an internal styptic. 

Codeine, C18H21O3N, resembles morphine, but is less poison- 
ous. 

Thebaine, C19H21O3N, occurs in small quantities in opium. 

Narcotine, C22H23O7N, occurs to the extent of 5 or 6%, or 
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even more, in opium. It is not as strongly narcotic as morphine 
,or codeine. It appears to exist in the plant in the free state. 

Morphine, CivHisOsN.HsO, is an alkaloid of opium, which is 
the evaporated sap of the capsules of the white poppy. Lauda- 
num is an alcoholic extract of opium. Paregoric is dilute 
laudanum containing camphor. See § 919 . 

PapaverinCj C20H21O4N, occurs with thebaine and narcotine. 

Pilocarpine, C11H16O2N2, is a colorless oil, soluble in water, 
alcohol and chloroform. 

Piperine, C17H19O3N, is obtained from black pepper or white 
pepper. It is extracted with alcohol. The alcohol is distilled 
from the solution and the alkaloid is precipitated from the 
remaining aqueous residue, by adding an excess of potassium 
hydroxide to dissolve the greater part of the resin. The base 
is purified by crystallization from alcohol; or powdered pepper 
is mixed with milk of lime and boiled for fifteen minutes. It is 
evaporated to dryness on a water bath. Free piperine is ex- 
tracted from the mass by boiling ether, and it is then crystal- 
lized from alcohol. Iodine in potassium iodide added to a 
solution of piperine in alcohol containing hydrochloric acid 
forms steel blue needles. 

Quinine, C20H24O2N2, is obtained from cinchona bark. It is 
used chiefly as the sulphate or the hydrochloride. It is very 
bitter and is slightly fluorescent. Qtiinine may be detected by 
adding, gradually, weak bromine water or chlorine water to 
acidified quinine sulphate until a permanent faint yellow 
coloration is obtained. Ammonium hydroxide is added drop 
by drop until the color change to green. If acidified the color 
changes to red. Quinine is somewhat irritant to the stomach 
and intestines and when absorbed causes ringing in the ears, 
but in moderate doses produces no other marked effects in 
healthy persons. It may be used as a tonic, but its chief use is 
in malaria. 

Ricinine, C8H8O2N2, is the alkaloid found in castor oil seeds. 

Sinapine, C16H25O8N, is found in white mustard seeds. 
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Strychnine^ C21H22O2N2, is found in nux vomica, St. Ignatius 
beans, etc. It is a violent poison, giving rise to tetanic spasms, 
owing to greatly increased excitability of the spinal cord. One- 
half grain is fatal. 

Bruciriej C23H26O4N2, occurs with strychnine but is more 
feeble in its action. 

938 . Glucosides. Substances known as glucosides exist 
almost exclusively in the vegetable substances. By hydrolysis 
involving the addition of water they are changed into sugar, 
chiefly glucose and rhamnose and another compound not 
belonging to the carbohydrate class. Some yield other carbon 
compounds, of which some are not yet identified. These 
changes are brought about by the addition of dilute acids but 
more easily by enzymes, which usually exist in the plant along 
with the glucoside. The majority of the glucosides are color- 
less, neutral crystals. One or two are basic and a few are 
acidic. They are usually soluble in water or alcohol but not in 
ether. It is thought that the purpose of the glucosides is to 
penetrate the plant cells and stimulate the protoplasm to 
greater activity. 

Glucosides are prepared by destroying the enzyme, to 
prevent hydrolysis, and extracting the glucoside with water, 
alcohol, or ethyl acetate in a Soxhlet apparatus. 

Among the more common glucosides are digiialin, C^sHgeOu 
or CssHbsOh, which acts upon the heart; indicant Ci4Hi706N.- 
3H2O, found in woad and extracted by acetone; mponinsj 
CnH2n-8 Oio, closely analogous glucosides, having the property 
of dissolving in water and frothing strongly in emulsions with 
oil and resinous substances, preventing the deposition of finely 
divided substances; ^nalbin, C30H42O15N2S2.5H2O, found in 
white mustard; aesmhn, C16H16O9.2H2O, which is found 
in the horse chestnut; amygdaliuj C 2 oH 27 NOn. 3 H 20 , found in 
bitter almonds and in the seeds of apples, pears, peaches, plums, 
cherries, etc.; tannins which occur in oak bark, sumac, tea 
leaves, etc., and yield a green or blue color when treated with a 
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ferric chloride solution; salicirij CisHisO?, which is found in 
willow bark and m the bark and leaves of poplars; and several 
others less well known. 
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CHAPTER XL 


CHEMISTRY IN WAR AND PEACE 

939. The Methods of Fighting in Warfare began, like every- 
thing else, in a crude form, and have gradually evolved into a 
complex system hardly realized by the world at large. Clubs 
and stones gave way to the javelin and the sword, and the better 
swordsman always had the advantage in mortal combat. With 
the advent of black gunpowder the most skilful swordsman at a 
distance had no better chance of escaping death than the most 
ignorant camp follower ; walls that could withstand the battering 
ram crumbled when assailed by modern cannon. Always, when 
new methods of fighting were introduced, the opposite side 
raised cries of unfairness, not realizing that the question of 
fairness does not belong to the method of fighting, but to the 
fimdamental question of the justification of war except for 
defense. As long as new methods of warfare can be devised 
they will be used, and it is obvious to any one who has watched 
the progress of theWorld War, where the final outcome depended 
upon chemistry more than upon any other single factor, that in 
the next great war the nation or nations that have not profited 
from the lessons taught in theWorld War, and have not developed 
chemical methods of offensive and defensive fighting to the 
highest extent will have no chance to survive as a world power. 
Chemistry, probably aided by bacteriology, will produce in- 
visible weapons of greater deadliness than any yet known. A 
nation, fighting for existence, and knowing these methods, 
knowing that it must survive or perish as a nation, will stop at 
nothing to win the war, and the nation unprepared or unwilling 
to fight with the same weapons must perish. 

The object of this chapter is not to justify or glorify war, but 
by outlining briefly what has been done along chemical lines 
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in warfare, to show the student something of what may be ex- 
pected if some method of stopping all wars is not discovered. 
Only a few of the many explosives used both in war and peace will 
be described. No attempt should be made by the student to 
duplicate any of the substances described. If he feels the 
desire to manufacture explosives and poison gases, he may find 
opportunity in one of the properly equipped government 
laboratories. 

940. Explosives are solid, liquid or gaseous mixtures or 
chemical compounds which, when chemical action is set up by a 
blow, a flame or otherwise, generate suddenly large volumes of 
heated gas. 

The rapidity of the explosion depends upon the chemical 
nature of the explosive, its physical condition, the conditiona 
under which it is exploded, and the method of firing. 

Practical explosives depend upon oxidation for the result, 
the oxygen being furnished by nitrates, chlorates, nitric acid or 
the NO 2 group. The substance oxidized is usually endothermic, 
the heat of decomposition contributing towards the expansion 
of the gaseous products of the explosion. 

Among the factors influencing the explosion are (1) tempera- 
ture, frozen nitroglycerine being less sensitive than the unfrozen; 
(2) confinement, which usually increases the effect, although 
mercury fulminate is not affected to any great extent by being 
confined. Explosions are brought about by a heated solid, a 
flame, friction, percussion, the electric spark or concussion from 
another explosion. 

Explosives are used generally for disruptive or propellant 
effects. They differ widely in the intensity of the.effect produced 
and also in the safety of handling. 

941, Explosive Mixtures usually have the combustible and 
the oxidizing substance as separate ingredients, not in them- 
selves explosive. 

In the Nitrate Mixtures the oxygen is in rather close combina- 
tion, and the mixture is not very sensitive, so that it requres a 
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strong disturbing agency to liberate it and the action is com- 
paratively slow. The best known of the nitrate mixtures is 
942. Ordinary Black Gunpowder, differing rather widely in 
the proportions of the ingredients used. In the United States, 
England, Russia, Sweden, Italy and Turkey, it is composed of 
75% potassium nitrate, 10% sulphur and 15% charcoal. In 
China it is 61.5% potassium nitrate, 15.5% sulphur and 23% 
charcoal. Other countries using the same materials vary the 
proportions somewhat. 

Manufacture of Black Powder, The raw materials are care- 
fully purified, ground and mixed, and run through the incorpo- 
rating mill, where the moistened mixture is rolled under heavy 
rollers, weighing about four tons, for 3 to 8 hours, making what 
is called ^^mill-cake.^^ This is then broken into small pieces, 
then granulated and sifted for sizes, and glazed by revolving 
in large cylinders for several hours, either with or without the 
addition of one ounce of graphite per hundred pounds of 
powder. The powder is then carefully dried and again revolved 
to remove any dust produced in drying and finally blended so 
as to secure a uniform product. 11,500,000 
pounds were manufactured for the ordinance 
department during the war. For military pur- 
pose black powder containing about 74% potas- 
sium nitrate is used (1) for igniting the propellant 
charge of smokeless powder; (2) as a basic charge 
for expelling shrapnel shell; (3) in the manufac- 
ture of primers and fuses; (4) in saluting blank 
fire charges; (5) in time train rings and com- 
bination fuses and (6) in the mixtures with other 
kinds of powders for use in ammunition for small 
arms. Fig. 209 shows a loaded shot gun shell. 

Many Svbshtvies have been used for all or part 
of the charcoal; coke, coal, peat, sawdust, bark, 
bran, tan, sugar, starch, dextrin, gum, etc., having 
been tried in order to reduce the smoke, but these substances 
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usually reduce the inflammability, slacken combustion and 
leave a large residue. During the Spanish-American War in 
1898 the American troops were provided with black gunpowder. 
The smoke and flame from every discharge serves as a very 
convenient marker for the enemy. Needless to say that if the 
United States had been fighting a power of first rank the result 
would probably have been vastly different. Smokeless powder 
is described in §954, 

943. Other Nitrate Mixtures, to take the place of potassium 
nitrate are sometimes used. Sodium nitrate is cheaper and has 
a larger percentage of oxygen, but is too hygroscopic to use if 
the powder is to be kept for any time. This is due to the nitrates 
and chlorides of magnesium and calcium, which cannot be 
eliminated cheaply to permit its use on a commercial scale. 

Barium Nitrate has a smaller percentage of oxygen, but has 
a higher specific gravity and therefore more oxygen, bulk for 
bulk, than potassium nitrate. It is the least hygroscopic, but 
is higher in price, and explosives containing it have a higher 
ignition point and are slower burning. 

Ammonium Nitrate increases the initial velocity of the bullet. 
It has 60% of oxygen, but only of it is available for oxidation, 
so that the available oxygen is only about half that of potassium 
nitrate. The use of ammonium nitrate decreases the amount of 
solid residue and gives much less smoke than from ordinary 
gunpowder. A large number of explosives containing ammo- 
nium nitrate have been put on the market. The majority of 
them contain a large percentage of ammonium nitrate, from 85 
to 90%, while several run as high as 95 or 96%. The remaining 
materials differ in the different mixtures. 

Ammonal B, said to be one of the safest explosives known, is 
94 to 96% ammonium nitrate, 2.5 to 3.5% aluminum, 2 to 3% 
wood charcoal, and 0 to 1% moisture. The products of the 
combustion are said to be harmless. The powdered aluminum 
protects the nitrate from moisture and shell may be stored for 
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ten years and remain in good condition. The oxidation of the 
aluminum sets free a large amount of heat. 

944, Chlorate Mixtures contain a large percentage of oxygen 
but are extremely dangerous to manufacture or handle. They 
may be exploded by percussion, friction, or spontaneous combus- 
tion, if traces of acid are present. As an illustration of the last 
condition, a mixture of powdered potassium chlorate and sugar, 
powdered separately, will burn with explosive violence if a drop 
of sulphuric acid is allowed to fall upon it. 

946, In Explosive Compounds, as distinguished from explo- 
sive mixtures, the combustibles, carbon and hydrogen, are in 
close contact with the oxygen, in the same molecule. The 
most important compounds contain nitrogen in loose combina- 
tion with all or part of the oxygen so that the chemical equi- 
librium is unstable to a greater or less degree. When the exciting 
force is applied the moleciile undergoes more or less complete 
internal combustion, with almost instantaneous evolution of 
highly heated gaseous products. Explosive compounds are, 
therefore, as a class, more sudden and violent in their action than 
explosive mixtures and cannot be deadened by varying the ratio 
of the combustible to the oxygen. 

946, The Nitro Explosives are generally divided into the 
nitro-derivatives and the nitric esters, with various other classes, 
as the fulminates, amino, nitro-amino, and azo-derivatives. 

Nitro derivatives^ as a class, are more stable than nitric esters 
and are not liable to spontaneous decomposition if slightly 
impure, and are stable in relatively large quantities of acid. 
This is due largely to a more stable internal structure, with a 
lower percentage of oxygen, which leads to a less complete com- 
bustion. They are very dfficult to explode by simple heating 
but may be exploded by the use of a detonator. Some of the 
higher derivatives, like nitrotoluene and nitrophenol, are among 
the most powerful high explosives known, but the lower members 
are used mostly in explosive mixtures, chiefly with ammonium 
nitrate, potassium chlorate and ammonium perchlorate. 
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947. Trinitrotoluene, T. N. T., was substituted for wet guu- 
cotton (§953) about 1908. Guncotton is apt to dry out and 
explode prematurely. It is made by the nitration of toluene 
and occurs as colorless or sulphur-yellow to buff needle-shaped 
crystals, becoming darker on exposure to light. It bums quietly 
with a smoky flame when ignited and cannot be exploded even 
by very strong percussion except locally, so that a rifle bullet 
may be shot through a mass of it without causing an explosion. 
Mercury fulminate is used as a detonator. Trinitrotoluene is 
less powerful than either picric acid or wet guncotton, but its 
effect at a distance is greater. Shell are usually filled with it by 
melting the compound and allowing it to solidify under pressure 
in the shell, thus increasing the density of the compound from 
1.5 to 1.7, It is used in many ammonium nitrate safety explo- 
sives and may be used in connection with mercury fulminate 
as a detonator. T. N. T. is too powerful to be used in guns, but 
is especially adapted for torpedoes and bombs. Depth bombs, 
for destroying submarines, each containing 300 to 600 pounds of 
T. N. T., were used in large quantities during the war. 

Another high explosive of the same class is trinitroaniline, 
T. N. A. This, however, is affected by moisture and emits 
fumes of NO 2 , making it less suitable for use. 

Trinitroxylol, T. N. X., is a stable compound, and slightly 
inferior to T. N. T, A mixture of T. N. T., 40%, and T. N. X., 
60%, is known as Toxyl, This is equal to T. N. T. under water. 
Amatol consists of T. N. T. 20%, and ammonium nitrate 80%. 
Explosive D is a mixture of ammonium picrate, black powder 
and T. N. T. 

The first barrage in the North Sea consisted of mines filled 
with T, N. T., but later, when these were replaced, T. N. X. 
was used instead. Fig. 210 shows a floating mine and Fig. 211 
shows an aerial bomb. 

948. Trinitrophenol, called picric acid, may be used by itself 
as a high explosive, and to a limited extent in explosive mixtures. 
It is made by either direct or indirect nitration of phraol 
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(carbolic acid) and crystallizes as bright yellow plates ^ Pnsms. 
It is hard to explode by direct percussion but inercury u mm 
causes it to explode readily. It does not contain enough oxygen 
for complete combustion, lacking 3.49% for forming carbon 
monoxide, and 45.41% for carbon dioxide, but when sufficiently 
detonated it is one of the most powerful explosives known, 
exceeding dynamite or compressed guncotton, especially when 



Fig. 210. A Floating Mine. 


the density is increased by fusion and solidification under pres- 
sure. Picric acid was a favorite explosive of the French during 
the World War. The French Government imported large 
quantities from America. Picric acid is one of the peculiar 
explosives, in that it may be used very conveniently for other 
purposes. Thus a soldier might be fighting under a flag, part oi 
which had been dyed yellow with picric acid; he might be struct 
with a shell filled with picric acid as the propellant agent; anc 
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after being taken to the hospital might have his wounds dis- 
infected and made less painful b}' the use of a picric acid solution. 
Picric acid solution is one of the very best remedies for burns. 
It deadens the nerve endings and soon relieves the pain. 

Many explosives have been made with picric acid as the chief 
or only constituent, as melinite^ lyddite^ etc. Picric acid is safe 
to manufacture and transport, owing to its lack of oxygen, but 
when mixed with nitrates, chlorates, chromates or permanga- 



Fig, 211. An Aerial Bomb. 


nates, extremely unstable mixtures are formed, liable to spon- 
taneous combustion, owing to slow displacement of highly 
oxidized acids by the picric acid. The picrates of potassium, 
sodium and ammonium are usually quite stable under ordinary 
conditions, but are all more sensitive to heat, friction and per- 
cussion than the acid itself. 

949. Nitric Esters are made by the nitration of organic 
alcohols and carbohydrates. The nitric esters are different from 
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the nitro compounds in internal structure and explosive violence, 
being less stable and more violently explosive, especially in the 
presence of foreign substances, such as traces of residual nitra- 
tion acids. 

960. Of the Nitroglycerins the trinitric ester of glycerol is 
the most important. It is made by the nitration of glycerol in 
the presence of sulphuric acid, the glycerol being added to the 
mixed acids at such a rate as to keep the temperature below 
22° to 25°. If red fumes are noticed the flow of glycerol is 
stopped and air is blown through until the fumes cease. If the 
red fumes cannot be stopped or if the temperature should rise 
above 30° and not fall with full air current on, serious local de- 
composition is indicated and the charge is at once drowned. 
Nitroglycerin is easily made, but is so exceedingly dangerous 
that it should never be a.ttempted by the student. 

The equation for forming nitroglycerine is 

C3H5(OIl)a+3HNO,-^C^,IL(NO,)3-f8fLO 

A theoretical yield of 247 parts of nitroglycerin per 1 (X) parts of 
glycerol used should be obtained, but 230 parts give the limit 
actually obtained. 

Nitroglycerin is a heavy oily liquid with a specific gravity of 
1.60 at 15.6°. When pure it is colorless, but it is usually yellow 
to pale brown. It is neutral to indicators. When pure and free 
from water and acids it may be kept for years, but decomposition 
starts if traces of water or acid are present, if it is exposed to 
sunlight, or if the temperature rises as high as 45° to 60°. The 
temperature for explosion is stated to bo from 180° to 200°* 
The equation showing the detonation for nitroglycerin is given 
as 

2C5Hti(N03)3--^6C0u T -f 5HuO T -fBN t +0 t 

961. Dynamites are divided into three classes, (1) where 
the absorbent material, or base, is inert; (2) where it is combus- 
tible; (3) where it is explosive. 
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Of the first class kiesel-guhr or infusorial earth dynamite is 
the best known representative and is always meant when d^ma- 
mite is mentioned, unless some other kind is designated. Kiesel- 
guhr is from 95 to 98% silica, SiO.. From 20 to 30% of kiesel- 
gnhr is mixed with 70 to 80% of nitroglycerin. The mixture 
forms a plastic pasty substance, from pink or gray to dark brown 
in color. Its specific gravity is about 1.6. Dynamite bxirns 
quietly with a yellow flame, but if much is ignited the tempera- 
ture of the rest is apt to rise above the temperature of explosion, 
180®, and detonation follows. Dynamite freezes at 4®, and like 
nitroglycerine is less sensitive when frozen. In order to neutra- 
lize any possible acid, from 0.5 to 1.0% of anhydrous sodium 
carbonate is often added to the dynamite. Fig. 212 shows the 



Fig. 212 Blasting a Stump with Dynamite. 

use of dynamite for blasting. The Frontispiece shows the ex- 
plosion of 600,000 pounds of dynamite in Baltimore Harbor. 

Dynamites Containing Nitric Esters, Warm nitroglycerin 
will dissolve 7 to 8% of collodion cotton to form a plastic jelly, 
impervious to water. This is known as blasting gelatin. The 
nitroglycerin has an excess of oxygen and this is used to com- 
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plete the combustion of the nitrocotton which is deficient in 
oxygen. The equation for the complete combustion is 

51C3H6(NO,),4*C.4H3iOii(NOj)»~^177C02 T +143HuO T -fSlN. T 

It is suitable for military purposes but is too violent for mining 
although the violence may be reduced by kneading it with an 
absorbing powder, such as wood pulp, rye flour, and either potas- 
sium nitrate, sodium nitrate or ammonium nitrate, the last 
named making the explosive more powerful. Many modifica- 
tions are made. 

952. Nitrocelluloses. Guncotton is made by immersing 
cleaned cotton in mixed sulphuric and nitric acids, and after 
enough has been absorbed it is allowed to stand 24 to 48 hours 
to complete the nitration, and the guncotton is washed to remove 
the excess of acid. The washing may be accomplished in two or 
three days if the cotton has been reduced to a pulp, otherwise 
it takes six or more weeks. 

Cellulose has the formula CoHioOs, and when it is converted 
into guncotton the equation is 

CeHioOe -f 3 HN 03 -->C(,H 70 -i(N 08 ) 3 +3H2O 

953, Dinitrocellulose C6H803(N03)2, is less highly nitrated 
and is soluble in a mixture of alcohol and ether, and is known 
as collodion cotton. Usually finer qualities of cotton waste are 
used with weaker acids at a higher temperature of iiitration. 
For collodion cotton the acid mixture is usually 66% sulphuric 
acid, 23% nitric acid, and 11% water, and nitration is carried on 
for an hour to an hour and a half at a temperature of 40°. 
Formerly very concentrated acids were used for guncotton but 
later investigations show that a mixture containing up to 12% of 
water may be used and that the addition of the water increases 
the stability of the product. Guncotton is insoluble in hot or 
cold water, alcohol, ether or glacial acetic acid, and unlike 
collodion cotton it is also insoluble in a mixture of alcohol and 
ether. It is soluble in acetone, ethyl acetate, nitrobenzene, etc. 
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Dried Guncotton burns with a long fierce flame without smoke. 
When in the form of yarn it explodes at 150"^ if heated rapidly. 
It is also exploded by percussion, but the explosion is only local 
when struck with an iron hammer upon an iron anvil. Wooden 
boxes containing gimcotton may be perforated by a rifle bullet 
without exploding, although they are usually inflamed, but 
dynamite and other nitroglycerin preparations are exploded 
under the same conditions. 

The Products of Complete Combustion^ when fired in a closed 
vessel, vary somewhat in their relative proportions, depending 
upon the density of the charge, i.e. the ratio of the volume of the 
guncotton to the volume of vessel, and as the density of the 
charge increases, the proportion of carbon monoxide and water 
decreases, while that of carbon dioxide and hydrogen increases, 
tending to approach the following when Berthelot’s formula for 
guncotton is used: 

C24H29(NO2)ii 4-10O2-^12CO T -M2CO, t -M7H T + 6 H 2 O T -PHN f 

Guncotton may be detonated when either dry, wet or frozen, 
by mercury fulminate, but if it is wet it requires a much larger 
amount of the fulminate unless a priming of dry gun cotton is 
used. The use of guncotton is limited almost exclusively to 
military purposes, as in offensive torpedoes, submarine mines, 
etc. It is also used in certain mixtures, the most interesting of 
which are 

964. Smokeless Powders, of which there are many varieties. 
The general principle in the manufacture of smokeless powders 
is to gelatinize the nitrocellulose thoroughly so that its fibrous 
character is destroyed. The powders are more or less hard, 
homogeneous colloids, which burn progressively from the surface 
so that their combustion is under control. 

Smokeless o>nd Semi-sTnokeless Powders are divided roughly 
into (1) nitrocellulose powders, from collodion cotton, gun cot- 
ton or both; (2) nitrocellulose powders with oxidizing salts, 
such as a powder of class (1) mixed with a metallic nitrate; 
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(3) nitrocellulose nitroglycerin powders, by combining a 
powder of class (1) with nitroglycerin; (4) nitrocellulose pow- 
ders with another nitro derivative, with or without nitroglycerin 
and metallic nitrates. The first and fourth classes are used 
for military purposes, the fourth being more powerful than the 
first, since the nitroglycerin supplies the oxygen lacking in the 
nitrocellulose, therefore, a smaller charge and a smaller gun 
may be used for the same results. 

Other Ingredients are sometimes added (1) deadeners, as 
camphor, vegetable oils, paraffin, vaseline, etc., to reduce or to 
control the rate of combustion of the explosion; (2) stabilizers 
to combine with any acid developed on storage. Diphenyla- 
mine and aniline act as stabilizers and also as indicators to show 
local spots or patches of peculiar colors caused by partial decom- 
position; (3) cooling agents, such as alkaline bicarbonates, 
carnauba wax, beeswax, guanidine nitrate, etc., which arc added 
to form incombustible gases, to mix with the combustible gases 
and to protect them from the atmosphere until their teniperature 
has fallen below the ignition point. However, adequate cooling 
agents really suitable for decreasing the flame ahnost invariably 
decrease the ballistic power and nothing is known that is entirely 
suitable for guns of large caliber. 

The Solvents for the nitroeotions are generally acetone, ethyl 
acetate or amyl acetate for gun cotton, and a mixture of alcohol 
and ether for collodion cotton. Too rapid evaporation causes 
curling and blistering. Too much solvent makes the powder 
hard to dry, and too little causes imperfect solution and mixing. 
The deadeners, stabilizers and cooling agents are generally 
dissolved in the solvent More it is added to the nitrocotton. 
Only very small quantities remain in the powder after it is 
finished. 

Smokeless powders are very insensitive to shock and per- 
cussion, and are not fired by the passage of a bullet through 
them. Even a strong detonator does not explode them unless 
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much unabsorbed nitroglycerin is present. Smokeless powders 
are somewhat difficult to ignite and sometimes ignite irregularly. 

965. Fulminates of many of the heavy metals have been 
made, but only mercury fulminate is in practical use, the others 
being too sensitive and unstable. 

Mercury fulminate is made by mixing alcohol and mercury in 
an excess of nitric acid. One method uses 3 parts of mercury 
by weight added to 30 parts of nitric acid having a specific 
gravity of 1.34. This is poured into a large flask containing 19 
parts of alcohol. After some minutes violent action begins. 
Towards the end of the reaction 2.38 parts and later 1.58 parts 
of alcohol are added. The fulminate is thoroughly washed and 
dried. Mercury fulminate is usually light brownish gray in 
color, but is sometimes white. It is usually stored in linen bags, 
immersed in water from which it is taken out and dried at a 
temperature of not higher than 40° when it is needed. Dry 
mercury fulminate explodes violently when struck a moderate 
blow or by friction. When confined even between sheets of 
paper mercury fulminate explodes violently when ignited. It 
can be exploded by heating to 150° or over, by the electric spark 
or by sulphuric acid, and the equation for its decomposition is 
given as 

HgC2N20.-^2CO T 4-2N T +Hg 

The pressure produced by the explosion is about twice that pro- 
duced by the explosion of nitroglycerin and about three times 
that of guncotton. 

Mercury fulminate is used in percussion caps, mixed with 
potassium chlorate, powdered glass, antimony sulphide, etc. 
0.22 to 0.25 grain of the mixture per cap being used for black 
gunpowder, and 0.6 grain for the smokeless powders. 

966. Only a Few of the Many Gases Used, or possible to 
use in warfare will be described. To be successfully used as an 
offensive gas in warfare a gas must possess several important 
properties: 
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(1) It must be highly toxic. 

(2) It must be readily manufactured in large quantities. 

(3) It must be readily compressed to a liquid, and must 
readily volatilize when the pressure is removed. 

(4) Its specific gravity must be greater than that of air. 

(5) It must be stable in the presence of moisture and various 
chemicals. 

Chlorine and its use in warfare has been described in §§218 ff. 
It was found, however, that protection against chlorine was very 
easy to secure and from that time more deadly gases were used 
by both sides. 

967 . Phosgene is a mixture of chlorine and carbon monoxide. 
The mixed gases are passed over a carbon catalyst, combining 
with much heat. The phosgene is condensed to a liquid by 
passing it through pipes immersed in cold brine. When the 
pressure is removed the liquid vaporizes. It is a gas of high toxic 
power. Even after the effects have apparently disappeared it 
may produce severe delayed action upon the heart, resulting 
in death. Protection against phosgene is afforded by sodium 
phenate or sodium sulphanilate. Glycerin is usually added to 
prevent action upon the flannel of the gas masks. 

968 . Among the Lachrymators is Chloropicrin. This is 
made by the action of bleaching powder upon calcium picrate 
in wrought iron digesters, provided with condensers. It is a 
strong lethal gas and is used alone or mixed with stannic chloride 
or with phosgene. Chloropicrin, and some of the other lachry- 
mators, cause slight irritation of the nose and throat when first 
encountered, and these effects often pass off after a short time; 
but in 4 to 8 hours the victim is attacked by violent coughing 
and tne respiratory organs are so severely affected that the 
victim is helpless. Unless medical aid is immediate, death is 
almost certain to result from choking. Chloropicrin was also 
known as vomiting gas. 

969 . Tear gases include such substances as xylyl bromide^ 
which has an effect like onions only much worse. When the 
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concentration of the gas is as little as 1 part in 1,000,000, such 
copious weeping is caused by the gas that the eyes cannot be 
kept open. This was called by the Germans T shell or T stoff. 
As used by the Germans it was not pure but contained much 
benzyl bromide, made by the action of a bromide upon coal tar 
light oil, from which most of the toluene had been removed for 
T. N. T. 

Other lachrymators include bromethylmethylketone, and the 
K shell gas, rnonochlormethylchloroformate. These are much 
more poisonous but do not hang around as much as xylyl 
bromide after they are released. 

Green X shell contained trichloromethylchloroformate. This 
is as poisonous as phosgene and is also known as diphosgene. 
It has very little effect upon the eyes. It has a smell resembling 
the earth or damp hay when dilute, but when the gas is con- 
centrated it quickly asphyxiates, and is very deadly. 

960. Sneezing Gas, or diphenylchloroarsine, is a solid sub- 
stance that is atomized into tiny particles. It was often embed- 
ded in T. N. T. and shell thus filled were called Blue X shell. 
Violent sneezing is produced, so that the gas mask must be 
removed. 

961. Mustard Gas, or dichlorethyl sulphide, is a water white 
liquid, boiling at 219°. It was first prepared by the German 
chemist, Victor Meyer, in 1886. Mustard gas was first used at 
Ypres, July 20, 1917. The Allies at once began to investigate 
methods of manufacture. It was not until February, 1918 that 
word came from England that it could be made by the absorp- 
tion of ethylene gas in sulphur monochloride. 

When alcohol is heated to a high temperature in the presence 
of a catalyst, such as kaolin, the alcohol is dehydrated to give 
ethylene. 

C2H50H^H204-C2H4 

Alcohol vapor and steam in equal volumes are introduced 
into an 8-inch iron pipe with a 3-inch core in contact with clay 
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at a temperature of 500° up to 600°. Later methods used phos- 
phoric coke, (coke drenched with phosphoric acid), instead of 
clay, but this was not widely adopted, because the first method 
was satisfactory, although it was claimed for the newer method 
that it would give 2,000 cubic feet an hour of 98 to 99% pure 
ethylene. 

The ethylene gas is dried, and then at a temperature of 60° 
is passed into sulphur monochloride, S 2 CI 2 , until further absorp- 
tion ceases. Rapid agitation is necessary. When saturation is 
complete, it is treated with ammonia, causing the excess sulphur 
to precipitate, and the clear liquid remaining is sent to the shell- 
filling plants. 

In addition to the serious effects produced by breathing the 
fumes of mustard gas, the liquid penetrates the clothing, the 
best protection being the use of oiled clothing. 

962. Liquid Fire consists of a stream of burning oil forced 
out of a tank by compressed nitrogen. Its maximum effective 
distance was not more than 30 yards. It produced great quan- 
tities of flame and smoke, intense heat and was noisy, but did 
not do much damage, because the heat caused the flames to rise, 
and even a very low shelter afforded protection. 

963. Gas Masks were needed by both sides, for if there 
should be a sudden shift of the wind, the gas might be blown 
back upon the side trying to use it. The gases used were some- 
times released from cylinders, either with or without the use of 
siphons, or shot toward the enemy in shell. If the Germans had 
been equipped with the proper gas masks when they launched 
their first gas attack, they probably would have accomplished 
what they intended, for it is said that 90% of the allied army in 
the sector attacked was rendered unfit for service. But the 
Germans did not finish their preparations sufficiently, and had to 
wait until the gas had blown away before they could follow up 
the great advantage they had gained, and by the time they were 
ready to make their attack, the allied soldiers had recovered 
sufficiently to be able to repulse the attack. After that time 
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the call went out for protective gas masks, and they came by 
the mi hon. As explained m the sections on chlorine, 218 S. 
the first absorbent consisted of sodium thiosulphate, Na^&O^, 
which wfil react with chlorine to give common salt, mCL 
Afte other gases were used, however, other materials were 
used m the more elaborate gas masks that were required, \fter 
experiments were tried on a large scale it was found that acti- 
vated charcoal either with or without soda lime offered the best 
protection. See Figs. 213 and 214. 



Fig. 213. An Army Gas Mask, 

The activity of the charcoal apparently increased with the 
density of the raw material used. Cocoanut hulls had the high- 
est density , and were used very extensively, but since they could 
not always be obtained with sufficient promptness, the stones of 
peaches, plums, etc., were also used. The cocoanut hulls were 
distilled at a temperature of 850° to 900°. They were then air 
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treated by repeated absorptions and evacuations, and ground so 
as to pass through an 8 to 14 mesh sieve. The ground particles 
were then activated with steam in nichrome tubes, and became 
about twice as active as the untreated charcoal. The charcoal 
from mixed nuts, while good, was not as satisfactory. 

For most gases the charcoal was used in connection with soda 
lime. Charcoal alone was found to be satisfactory for gasoline, 
benzol, carbon disulphide, carbon tetrachloride and cyanogen 
chloride. Soda lime alone could be used against sulphur dioxide 
hydrocyanic acid, hydrogen sulphide, hydrochloric acid, and 
other acid gases. When toxic smokes were used the gas masks 
also contained two pads of cotton wadding. The life of the 
absorbing material naturally depended both upon the gas used 
and the concentration, sometimes requiring refilling at 10 
minute intervals, and again lasting for several hours. 

964 . Among the manj^ other ways in which chemistry con- 
tributed to the winning of the war were the use of smoke pro- 
ducers, marker shell, pyrotechnic signals, star shell, smoke shell, 
incendiary bombs and the development of the helium industry 
to furnish a gas to replace hydrogen for filling balloons. 

White smoke for concealing military operations may be pro- 
duced by the burning of yellow phosphorus, but it is dangerous 
to handle and gives offensive fumes. A later method of produc- 
ing white smoke was in the use of anhydrous ammonia and 
silicon tetrachloride. These substances were contained in 
drums, charged with carbon dioxide under pressure to force out 
the liquids. When the fumes of the two mixed a white smoke, 
very persistent, but harmless, resulted. 

Anti-dimming composihon to use on the inside of gas masks 
offered another field for chemical research. Plashless powder to 
use at night is still wanted, and there are countless other places 
where in the next great war the chemist will make himself felt 
even more than in the past. 

966 . Now that the war is over, some of the excess products 
are being used in the arts of peace. Cordite is being manu- 
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factured into artificial leather, §885. Poison gases freed over a 
large area by the use of an airplane or automobile are used to 
destroy insect pests on fruit trees. High explosives intended for 
war uses are employed in removing obstructions, excavating, etc. 
While the chemists have turned their attention to more peaceful 
pursuits, many plants and laboratories working on a peacetime 
footing can be turned into war agencies at short notice, and a 
better knowledge of what can be accomphshed by chemistry 
in times of war is possessed by all branches of the Government. 
See Figs. 215, 216 and 217. Let us hope that the lessons learned 
during the World War will not be forgotten, and that the 
development of chemistry as the handmaid of peace may not 
be interrupted again by the calls of war; but if the need comes 
new and stdl more destructive chemical weapons will be devel- 
oped until war is made so horrible that no nation that wishes to 
exist will dare to start a war. 

Note. The bibliography for this chapter is on page 666, top. 
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Fig. 215. Part of the Testing Laboratory of the Eastman 
Kodak Co. 



Fig. 216. Testing Lalxwatory of the Buckeye Cotton Oil Co. 
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Fig. 217. Chemical, Biological and Baking Laboratory of 
the Fleischmann Co 
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APPENDIX 

Tables oe Special Value in the Study of Chemistry 

TABLE 1. AQUEOUS VAPOR TENSION 


Temp, 

Tension in 
mm, of 
Mercury 

Temp, 

r 

Tension in 
mm of 
Mercury 

Temp, 

Tension in 
mm. of 
Mercury 

-10 

2 09 

12 

10 46 

26 

24.99 

- 5 

3 11 

13 

11 16 

27 

26 51 

0 

4 60 

14 

11 91 

28 

28.10 

1 

4 94 

15 

12 70 

29 

29.78 

2 

5 30 

16 

13.54 

30 

31 55 

3 

5 69 

17 

14 42 

35 

41 83 

4 

6.10 

18 

15 36 

40 

54 91 

5 1 

6 53 

19 

16 35 

50 

91.98 

6 

7 00 

20 

17 39 

60 

j 148.70 

7 

7.49 

21 

18 50 

70 

233.09 

8 

8.02 

22 

19 66 

SO 

354.64 

9 

i , 8 57 

23 

20 89 

90 

525.45 

10 

9 17 

24 

22 18 

100 

! 760.00 

11 

9,79 

25 

23 55 


1 

1 


TABLE 2. TENSION OF MERCURY VAPOR 


Temp. 

CO 

'Tension in 
mm. of 
Mercury 

Temp. 

Tension in 
mm. of 
Mercury 

Temp. 

C° 

Tension in 
mm. of 
Mercury 

100 

0.75 

180 

11 00 

260 

96 73 

110 

1.07 

190 

14 84 

270 

123 01 

120 1 

1 53 

200 

19 90 

280 

155 17 

130 

2 18 

210 

26 35 

290 

194 46 

140 

3.06 

220 

34 76 

300 

242 16 

150 

4 27 

230 

45 35 

310 

299.69 

160 

5.90 

240 

58.82 

320 

368 73 

170 

! 8 09 

250 

75 75 

330 

450 91 


1 
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TABLE 3. BAROMETER CORRECTIONS 

To be subtracted if the temperature is above O'’ 


Temper- 

ature 

Degrees 

Correchonfor 
Baroftieter 
with Glass 
Scale 

Correchonfor 
Barometer | 
with Brass ' 
Scale 

Ii 

Temper- 

ature 

Degrees 

Correchonfor 
Barometer 
with Glass 
Scale 

Correction for 
Barometer 
with Brass 
Scale 

5 

0 7 

06 1 

i 25 

3.3 * 

3 1 

10 

1 3 

1 2 ;! 

30 

4 0 

3 7 

15 

2 0 

1 9 

35 

4 7 

4 3 

20 

! 2 6 

2 5 ■ 





TABLE 4. CORRECTIONS FOR LATITUDE 

To be added if the latitude is less than 45, and subtracted if the latitude is 

more than 45 


Latitude 

Correction 

Latitude 

Latitude 

Correction 

Latitude 

0 

1 97 

90 

25 

1 27 

65 

5 

1 94 * 

85 


0 98 

60 

10 

1 85 ' 

80 

35 

0 67 

55 

15 

1 70 

75 


0 34 

50 

20 

1 51 

70 

1 45 ! 

0 00 

45 


TABLE 5. CORRECTIONS FOR ALTITUDE 

To be added 


Altitude 
in Meters 

Correction 

Barometer 

Reading 

Altitude 
m Meters 

Correction 

Barometer 

Reading 

300 



1200 

0.16 

660 

600 



1500 

0 19 

640 

900 


1 680 1 

2000 i 

0 24 ; 

630 





TABLE 6. SOLUBILITIES OF SALTS 
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W^Sllghtly soluble m water W=Soluble in water WA =Soluble in hot water 

JK= Decomposed by water A=Soiuble in dilute acids i4=Soluble in concentrated acids 

N^SoIublein certain ammonium compounda l=IasolubIe in water, acids or ammomum compounds 

^Gelatinous substances usually formed @=SolubIe in mtric acid, usually insoluble in hydrochloric acid 

AIl=SolubIe in aqua regia 
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TABLE 7. SOLTIBILITY OF COMMON SALTS 


In Grams Per Liter at the Given Temperatures 



0® 

1 

50“ 

, 100® 


0® 

50® 

1 

100® 

Ammonium aimn . 

26 

159 

i 

i 

Potassium dichromate 

30 

505(60“) 

1020 

Ammonium chloride 

297 

504 

; 773 

Potassium hydroxide 

970 

1400 

1780 

Ammonium nitrate 

1183 

3540 

8710 

Potassium iodide . 

1279 

1680 

1780 

Ammonium sulphate 

708 

844 

1033 

Potassium mtrate 

133 

855 

2460 

Barmm chloride - 

316 

436 

588 

Potassium platinic 




Barium mtrate 

50 

171 

342 

chloride 

7 

22 

52 

. 

16(10®) 

105 

523 

Potassium sulphate 

74 

165 

241 

Calcium chloride 

595 

1250 

1590 

Silver mtrate 

1150 

4000 

9100 

Cobalt chloride 

405 

935 

*1030 

Sodium bromide 

795 

1160 

1205 

Copper mtrate 

888 

2078(80®) 


Sodium carbonate 




Ferrous chloride 

685(20®) 

820 

1060 

(10 aq ) 

71 

409(30®) 


Ferric chloride 

744 

3151 

5357 

Sodium carbonate 




Ferrous sulphate 

156 

486 

430(90®) 

(7aq) 

204 

475 

452 

Lead nitrate 

365 ! 

787 

1270 

Sodium chlonde 

356 

367 

391 

Magnesium chlonde 

528 

575(40®) 

739 

Sodium hydroxide 

i 420 

1450 

3130(80®) 

Magnesium sulphate 




Sodium iodide 

1590 

2280 

3020 

(7 aq ) .. 

260 

456(40®) 


Sodium mtrate 

730 

1140 

1755 

Magnesium sulphate 




Sodium phosphate 

25 

639(40®) 

988 

(6 aq.) 

408 

1 504 

738 

Sodium sulphate 




Mercuric chlonde 

43 

113 

540 

(10 aq) 

50 

468 

427 

Nickel chloride 

600(10“) 

760 


Sodium sulphate 




Nickel sulphate 

272 

502 

776 

(7 aq.) 

196 

468 

427 

Potassium bromide. 

540 

860(60“) 

1050 

Sodium sulphi/te 

141 

495(40®) 

330 

Pota^ium carbonate 

1050 

1210 

1560 

Sodium thiosulphate 

525 

1697 

2660 

Potassium chlonde 

285 

429 

566 1 

Strontium chloride 

442 

744 

1019 

Potassium chlorate 

33 

197 

560 1 

Strontium nitrate 

395 

926 

1011 

Potassium chromate 

589 

690 

791 1 

Zinc mtrate 

2948 

2069(40“) 





II 

Zinc sulphate 


768 

785 


’•Slow after 50®, 


TABLE 8. SOLTIBILITY OF GASES IN WATER 


(Weight m Grams) 



0“ 

20® 


0® 

20" 

Oxygen 0* . . 

0705 

0443 

Carbon dioxide COi 

3 35 

1 69 

HydarogenH* .. . 

00192 

00160 

Hydrogen sulphide HsS 

7 10 

3 98 

Nitron Ni . ... 

0293 

0189 

Ammonia NHi. 

987 000 

535 GO 

Bromine Br* .... 
Chlome CI». . . 

431 000 

148 000 

1 7 29 

Sulphur dioxide SOa 

228 00 

113 00 
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TABLE 9 . CRITICAL TEMPERATURE AND PRESSURE 
OF GASES 


Substance 

Crttxcal 
\ Temperature 

Critical 

Pressure 

in 

Atmospheres 

Substance 

Critical 

Temperature 

C" 

Critical 

Pressure 

in 

Atmospheres 

Air . 

-140 

39 

Ethylene 

9 9 

61 1 

Alcohol 

243 6 

62 76 

Fluorine 

-121 0 

50 6 

Alcohol, methyl 

239 95 

78 5 ■ 

Helium 

<-26S 


Ammonia . 

130 

16 

Hydrogen 

-240 8 

14 

Argon . 

-117 4 

; 52 9 

Hydrogen chloride 

51 25 

86 0 

Bromine 

302 2 


Methane 

-81 8 

54 9 

Carbon dioxide 

31 2 

73 

Nitrogen 

-146 0 

35 0 

Carbon monoxide 

-141 1 

35 9 

Nitrogen dioxide 

-93 5 

71 2 

Carbon disxilphide 

277 7 

78 1 

Nitrogen monoxide NsO 

35 4 

75 

Chloroform . ' 

260 

54 9 

Oxygen 

-118 

50 

Chlorine 

141 0 

83 9 

Sewer gas 

100 

88 7 

Ethane 

32 1 

49 

Sulphur dioxide 

155 4 

78 9 

Ether. ... 

194 4 

35 61 

Water 

374 

217 5 


TABLE 10. RELATIVE HARDNESS OF ELEMENTS 


Carbon (Diamond) 

10 

Copper 

.3 0 

Tin 

.1.8 

Boron 

9.5 

Amtimony 

3 0 

Strontium . 

1 8 

Chromium . . 

9 

Aluminum 

2 9 

Calcium 

.1.5 

Osmium 

7 

Silver 

. 2.7 

Gallium 

.1.5 

Silicon 

7 

Bismuth 

..2 5 

Lead 

.1.5 

Iridium .... 

6.5 

Zinc 

2 5 

Indium 

.1.2 

Ruthenium 

. 6.5 

Gold . . 

2 5 

Lithium 

.0 6 

Manganese. 

5 

Tellurium . 

. 2 3 

Phosphorus . . . 

0 5 

Palladium 

. 4 8 

Cadmium 

2 0 

Potassium . . . . 

.0.5 

Iron 

. 4.5 

Sulphur . 

2 0 

Sodium 

,0,4 

Platinum 

. 4,3 

Selenium ... 

. .2.0 

R.iibidinnn , . 

,0 3 

Arsenic 

. 3.5 

Magnesium. . . 

.,2.0 

Caesium 

.0,2 
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TABLE 11* HARDNESS OP SOLIDS OTHER THAN 
ELEMENTS 


(Alphabetical Arrangement) 


Agate . . . 

. 7 Fluorite 

4 

Opal . . 

4-6 

Alum. . . 

. 2“2 5 Galena 

2 5 

Phosphorbronze . 

4 

Amber. 

2-2 5 Garnet 

7 

Platinum-Indium 

6 5 

Anthracite 

2 2 Glass 

.45-65 

Pyrite 

6 3 

Asbestos 

5 Graphite 

0 5-1 

Quartz 

7 

Asphalt . . 

. 1-2 Gypsum 

1 6-2 

Rock salt 

2 

Bell metal 

4 Hematite 

6 

Silver chloride 

. 1 3 

Boric acid 

3 Kaolin 

1 

Steel 

5-8 5 

Brass. 

3-4 Loess 

0 3 

Talcum 

1 

Corundum 

9 Magnetite 

6 

Topaz 

8 

Dolomite 

3 5-4 Marble . . 

3-4 

Wax. . 

0 2 

Feldspar . 
Flint 

. 6 Mica . . . . 

..7 

.2 8 

Wood^s metal 

.3 


TABLE 12. MOHS’S SCALE OP HARDNESS SHOWING 
CHIEP CONSTITUENT OP EACH MEMBER 


1. Talc (Soapstone) MgSiOa 

2. Gypsum CaS04 

3. Calcite CaCOs 

4. Fluorspar CaF 2 

5. Apatite Ca3(P04)2+CaF2 or 

CaCL 


6 Feldspar KAlSisOg 

7 Quartz S 1 O 2 

8 . Topaz AI2O3 or Beryl Al 2 Gl 3 (Si 03)6 
9 Corundum AI 2 O 8 
10 . Diamond C 
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TABLE 13. SPECIFIC GRAVITY OF ELEMENTS 


Under Varying Conditions 


Aluminum 

Cast 

2 56-2 58 

Lithium 


0 534 


Wrought . 

2 65-2 8 

Magnesium 


1 741 


Pure 

2 58 

Manganese 


7 42 

Antimony 

Amorphous . 

6 22 

Mercury .... 

Liquid 

13 596 (0") 


Comproesed 

6 691 


Liquid 

13 546 (20") 

Argon 


1 3845-1 4233 


Liquid 

13 690 (-38 8") 

Arsenic 

Crystallized 

5 73 


Solid 

14 193 (-38 8") 


Amorphous . 

3 70 


Sohd 

14 383 (-188") 

Barium 

.Solid 

3 78 

Molybdenum 


9 01 

Bismuth 

Solid 

9 70-9 90 

Neodymium 


6 96 


Liquid 

10 

Nickel 

Solid 

8 60-8 90 

Boron 

Crystallized 

. 2 535 

Phosphorus 

. Red 

2 20 


Amorphous 

. 2 45 


Yellow 

1 83 

Bromine 

Liquid 

. 3 12 


Metallic 

2 34 

Cadmium 

Cast . 

. 8 54-8 57 

Platinum 


21 37 (20") 


Wrought 

8 67 

Potassium 


,87 (20") 


Solid 

. 8 37 (318") 


Solid 

,851 (62 1") 


Liquid 

7 99 (318") 


Liquid 

830 (62 I") 

Caesium 


. 1 873 

Silicon 

Crsrstallized 

2 42 

Calcium 


1 85 


Amorphous 

2 35 

Carbon 

Diamond 

3 52 

Silver 

Cast 

10 42-10 53 


Graphite , 

2 25 


Wrought 

10 6 

Chlorine 

Liquid 

1 507 (-33 6") 


Liquid 

9 51 

Chromium 

Pure 

6 92 (20") 

Sodium 


9712 (20*) 

Cobalt 


8 4 (15“) 


Solid 

9519(97 6") 

Copper 

Liquid . 

8 217 


Liquid 

9287(97 6") 


Solid . 

8 30-8 95 

Strontium. 


2 50-2 58 

Gold . 

Cast 

19 3 

Sulphur 


2 0-2 1 


Wrought 

19 33 


Liquid 

1 811 

Helium. . 

. Liquid 

0 15 (-269") 

Tin . 

White cast . 

7 29 

Hydrogen 

. Liquid 

. 0 070 (-252") 


White wrought 

7 30 

Iridium 


22 42 (17") 


White crystallized 

6 97-7 18 

Iodine.. .. 

Solid 

4 940 (20") 


White solid 

7 184 (226") 

Iron 

Pure . , . 

7 85-7 88 


White liquid 

6 99 (226*) 


Gray cast . . . 

. 7 03-7 13 


Gray 

5 8 


White cast 

. 7 58-7 73 

Tungsten . . 


, 18 6-19 1 


Wrought . 

. 7 80-7 90 

Vanadium 


5 69 


Liquid . . . 

6 88 

Zmc 

Cast 

. 7 04-7 16 


Steel . . . 

7 60-7 80 


Wrought. . . . . 

. 7 19 

Lead 

. Cast . . 

11 37 


Liquid,.. 

,. 6.48 


Wrought 

11 36 





Solid . . 

11 005 (325") 





Liqmd , ... 

..10 645 (325*) 
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TABLE 14. SPECIFIC GRAVITY OF SOLIDS OTHER 
THAN ELEMENTS 


Agate 

2 5-2 7 

Fluonte . 

3 18 

Meerschaum 

0 99-1 28 

Amb^ 

1 06-1 11 

Garnet 

3 15-4 3 

Mica 

2 6-3 2 

Anthracite 

1 4-1 8 

Gas carbon 

1 88 

Ohvine 

3 27-3 37 

Asbestos 

2 0-2 8 

Gelatin 

1 27 

Opal 

3 2 

Asphalt 

1 1-1 5 

Glass 

2 4-2 8 

Orthoclase 

2 58-2 61 

Basalt 

2 4-3 1 

Glass, flint 

2 9-5 9 

Paper 

0 7-1 15 

Beeswax. 

0 96-0 97 

Glue 

1 27 

Peat 

0 84 

Bone 

1 7-2 0 

Granite 

2 64-2 76 

Pitch 

1 07 

Brick 

1 4r-2 2 

Graphite 

2 30-2 72 

Porcelain 

2 3-2 5 

Butter 

. 0 86-0 87 

Gum arable . 

13-14 

Pynte 

4 95-5 1 

Celluloid . 

1 4 

Gypsum 

2 31-2 33 

Quartz 

2 65 

Cement 

2 7-3 0 

Hematite 

4 9-5 3 

Eesm 

1 07 

Chalk 

1 9-2 8 

Ice 

0 917 

Rock salt 

2 18 

Charcoal (oak) 

0 57 

Ivory 

1 83-1 92 

Rubber 

0 92-0 99 

Charcoal (pine) 

0 28-0 44 

Lava 

2 0-3 0 

Sandstone 

2 14 r -2 36 

Chrome yellow . 

6 0 

Leather (dry) 

. 0 86 

Slag (furnace) 

2 0-3 9 

Cinnabar . 

8 12 

Leather (greased) 

1 02 

Slate 

2 6-3 3 

Clay 

1 8-2 6 

Lime (mortar) 

1 65-1 78 

Soapstone 

2 6-2 8 

Coal (soft; 

1 2-1 5 

Lime (slaked) 

13-14 

Starch 

1 53 

Cloke , 

1 0-1 7 

Limestone 

2 68-2 76 

Sugar 

1 61 

Corundum 

3 9-4 0 

Litharge (artificial) 

9 3-9 4 

Talcum 

2 7-2 8 

Diamond 

3 51-3 56 

Litharge (natural) 

.7 8-8 0 

TaUow 

0 91-0 97 

Emery 

4 0 

Magnetite 

4 9-5 2 

Topaz 

3 5-3 6 

Feldspar 

2 55-2 75 

Marble 

. 2 6-2 84 

Tourmaline 

3 0-3 2 

Flint .... 

2 63 






TABLE 15 SPECIFIC GRAVITY OF LIQUIDS 


Fluid 

Acetone , . . 

Alcohol (ethyl) 
Alcohol (methyl) 
Aniline 
Beniiol . , 
Bromine, . 
Carbon disulphide 
Chloroform 
Carbolic acid 
Ether , 

Gasoline 

Glycerine. 

MiBc. 


Sp Or. Temp 


0 792 .. 20 “ 

0 807 . 0 “ 

0 810 0 “ 

1 035 0 “ 

0 899 0 “ 

3 187 0 “ 

1 293 0 “ 

1 526 18 “ 

0 95 ( M ) 965 15 “ 

736 0 “ 

0 66 ^ 68 15 “ 

1 260 0 “ 

1 029-1 033 15 “ 


Fluid 

Naphtha (wood) 

Naphtha (petroluem ether) 
Oils 
Castor 
Cocoanut 
Lard 
Lemon 

Linseed (boiled) 

Olive 

Turpentine 
Petroleum 
Petroleum (light) 

Water 


Sp Or. 

Tmp^ 

0 848-0 810 

0 “ 

0 665 . 

15 “ 

0 969 

15 “ 

0 926 

15 “ 

0 920 

15 “ 

0 844 

16 “ 

0 942 . 

15 “ 

0 918 

15 “ 

0 873 

16 “ 

0 878 

0 “ 

0 795-0 805 

15 “ 

1 

4 “ 
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TABLE 16 . SPECIFIC GRAVITY AND WEIGHT OF GASES 


Name of Gas 

Formula 

Specific Gravity 

W eight of 1 liter 
in Grams 

Air .... 

1 

1 000 

1 2928 

Acetylene . 

C2H0 

0 92 

1 1620 

Ammonia . 

NHs 

0 597 

0.7706 

Argon .... . . 

A 

1 379 

1 782 

Benzene . 

CsHs . . . 

2 69463 

3 485 

Bromine ... 

Br 

5 524 

7.1388 

Carbon dioxide 

CO2 . 

1 5291 

1 9768 

Carbon monoxide 

CO . 

0 9672 

1 2506 

Chlorine . . 

CI2 

2 491 

3 1674 

Coal gas . 


0 320-0 740 

0.414r-0 957 

Cyanogen 

CaNs . 

1.806 

2.3229 

Ethane . . 

CaHe . 

1 0494 

1 3567 

Ethylene. . 

C2H4 

0 96749 

1 251 

Fluorine. . 

F2 . . 

1 26 

1 697 

Helium . . 

He 

1 368 

0 1787 

Hydi*ofluoric acid 

HF 

0 7126 

0.894 

Hydrobromic acid 

HBr 

2 71 

3 6163 

Hydrochloric acid 

HCl 

1 2684 

1 6398 

Hydrogen 

H2 

0 06925 

0.08984 

Hydrogen sulphide ... . 

H2S 

1 1895 

1 5230 

Methane . . . . 

CH4 

0 5576 

0 7160 

Neon 

Ne 

0 6963 

0 9002 

Nitrogen 

N2 

0 9673 

1.2514 

Nitrogen dioxide. . 

N2O2 

1 0367 

1.3402 

Nitrogen monoxide . ... 

N2O 

1.5298 

1,9777 

Nitrogen tetroxide . . 

N2C4 

1 5878 

2.053 

Oxygen 

O2 . . . 

1 053 

1 4292 

Sulphur dioxide . 

SO2 

2.2639 

2.9266 

Steam at lOO*^ . 

H2O 

0.469 

0 581 

Water gas 


0 53883 

0.697 
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TABLE 17. MELTING POINT AND SPECIFIC HEAT OF 
ELEMENTS 


Elements 

Melting Point 

Speafic i 
Heat 

1 Elements 

Melting Point 

Specific 

Heat 

Aluminum 

658 + 1 

1 

0 225 1 

Mercury 

-38 7 

fO 0319s 

Antimony 

630 + 1 

0 0508 i 



(0 033 1 

Argon 

-188 

1 

Molybdenum 

2535 


Arsenic . 

500 

0 0822 

Neodymium 

840 


Banum 

850 


Neon 

-252 


Beryllium 

<Ag 


Nickel 

1452 

0 018 

Bismuth 

264 

0 0308 

Niobium 

1950 


Boron 

>2000<2500 

0 5 

Nitrogen 

-211 


Bromine 

-7 3 


Osmium 

ab 2700 


Cadmium 

321 

0567 

Oxygen 

-227 +3 


Caesium 

26 


Palladium 

1545 ± 15 


Calcium 

805 


Phosphorus 

44 2 

0 202 

Carbon 

>3500 


Platinum 

1755 + 20 

0 0324 

Cenum 

645 


Potassium 

62 3 

0 166 

Chlorine 

-102 1 


Praseodyimum 

940 


Chromium 

>1520 1 


Rhodium 

1910 


Cobalt .. 

1478 

0 107 

Rubidium 

38 5 


Copper 

1083 ±3 

0 095 

Silicon 

1420 


Fluorme 

-223 


Siher 

961 + 1 

0 057 

Gallium 

30 1 


Sodium 

97 

0 2934 

Gold 

1063 +3 

0 0324 

Sulphur 

113 5-119 5 

0 178 

Hydrogen 

-260 + 1 


Tantalum 

2800 


Indium 

155 


Tellurium 

451 


Iodine , 

1 114 

0 0541 

Thorium 

>1700<Pt 


Iridium 

' 2290 


Tm 

231 9 + 2 

0 056 

Iron 

1 1530 

0 114 

'Htanium 

1795 


Eiypton . 

! -169 


Tungsten 

2950 


Lanthanum 

810 


Vanadium 

1720 


Lead 

327 +0 5 

0 0314 

Xenon . 

-140 


Lithium . . 

186 


Zmc 

; 419 +0 5 

0 0956 

Magnesium . . 

651 

0 250 

Zirconium 

I >S 


Manganese 

1260 

0 122 
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TABLE 18. MELTING POINT OF INORGANIC COMPOUNDS 


Substance 

Foi inula 

Specific 

Gravity 

Melts 

C° 

Aluminum chloride 

Aids 



190 

Aluminum nitrate . . 

A1(N03)3.9H20 



72.8 

Aluminum oxide , 

AI 2 O 3 . . . 

4 

00 

2020 

Ammonia 

NHs . 



-75 

Ammonium nitrate . . 

NH 4 NO 3 . 

1 

72 

165 

Ammonium sulphate 

(NH4)2S04 . 

1 

77 

140 

Antimony chlonde 

SbCL . 

3 

06 

73 

Arsenic chloride 

AsCla . 

2 

20 

-18 

Barium chloride 

BaCl2.2H20 

3 

10 

113 

Bismuth chloride . 

B 1 CI 3 

4 

56 

232.5 

Boric acid. . . . 

H 3 BO 3 

1 

46 

185 

Boric anhydride 

B 2 O 3 . . 

1 

79 

577 

Borax 

Na2B4O7.10H2O 

1 

69 

561 + 

Cadmium chloride 

CdCh . 

4 

05 

560 

Cadmium nitrate . 

Cd(N03)2.4H20 

2 

45 

59.5 

Calcium chloride . . 

CaCL . . . 

2 

26 

774 

Calcium chloride 

CaCli 6 H 2 O. 

1 

68 

29.6 

Calcium nitrate .... 

Ca(N03)2 .. 

2 

36 

499 

Calcium nitrate . | 

Ca(N08)2.4H20 

1 

82 

42 3 

Chromium nitrate , 

Cr(N03)3. . 



37 

Copper chloride. . . 

CuCL .. . 

3 

05 

498 

Copper chloride .... 

CuCl . ^ 

3 

7 

431 

Copper nitrate 

Cu(N03)2.3H20 

2 

05 

114.5 

Ferric chloride ... ... 

FeCla . . . 

2 

80 

301 

Ferric nitrate 

Fe(N03)3.9H20. . 

1 

68 

47 2 

Ferrous sulphate 

FeS04 7 H 2 O . 

1 

90 

64 

Lead chloride 

PbCL .... 

5 

8 

500 

Magnesium chloride 

MgCU 

2 

18 

708 

Magnesium nitrate . . . 

Mg(N03)2.6H20 

1 

46 

90 

Magnesium sulphate . . 

MgS04 7 H 2 O 

1 

68 

150 

Manganese chloride . . 

MnCb.4H20 . 

2 

01 

87 5 

Manganese nitrate . . 

Mn(N03)2.6H20 

1 

82 

26 

Manganese sulphate .... 

MnS04.5H20 

2 

09 

54 

Mercurous chloride 

HgCl 

7 

10 

450 ± 

Mercuric chloride 

HgCb 

5 

40 

288 

Nickel nitrate 

Ni(N03)2 6 H 2 O 

2 

05 

! 56 7 

Nickel sulphate . 

NiS04 7 H 2 O 

1 

98 

i 99 
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Table 18 (Continued) 


Substance 

Formula 

Specific 
Gramty 20^ 

Melth 

Potassium carbonate . . 

K 2 CO 3 

2 29 

840 + 

Potassium chlorate . . . . 

KCIO 3 

2 34 

372 

Potassium chromate 

KaCrO^ 

2 72 

975 

Potassium cyanide 

KCN .. 

1 52 


Potassium chloride 

KCl 

1 99 

801 

Potassium nitrate 

KNO 3 

2 10 

341 

Potassium perchlorate 

KCIO 4 

2 52 

610 

Potassium phosphate 

KH 2 PO 4 

2.34 

96 

Potassium acid sulphate 

KHSO 4 

2.35 

205 

Silver chloride 

AgCl 

5 56 

460 

Silver nitrate 

AgNOa 

4 35 

208 7 

Silver sulphate 

Ag 2 S 04 

5 45 

655 + 

Sodium chloride 

NaCl 

2 17 

; 800 

vSodium hydroxide 

NaOH . . . . 

2 1 

1 318 

Sodium nitrate 

NaNOj 

2 26 

315 

Sodium chlorate . ... 

NaClOa 

2 48 

248 

Sodium carbonate 

i NaaCOs . . . . 

2 48 

852 

Sodium carbonate 

NaaCOs.lOHaO . . 

1 46 

34 

Sodium phosphate . . , 

; Na2HPa.l2H20 

1 54 

38 

Sodium sulphate 

Na2SO4.10H2O . 

1.46 

32 38 

Sodium thiosulphate 

Na^SaOa.SHaO ..... 

1 73 

48 16 

Stannous chloride 

SnCla 


250 

Zinc chloride 

1 ZnCio 

2.91 

365 

Zinc chloride 

ZnClj.SHjO. 


6 5 

Zmc nitrate . . | 

Zn(N0s)2.6H20 

2 06 

36 4 

Zinc sulphate , ! 

ZnS04.7H20. 

2 02 

50 


TABLE 19, TENSILE STRENGTH 


(ib. per sq. in.) 

Aluminum (wire) , 

Brass (wire) 

Bronze, phosphorus (hard drawn) . . , . 
Bronze,' silica (hard drawn). 

Bronze .... 

Copper (vsrire, hard drawn) 

Oold 

Iron (cast) * 


30.000- <^ 40,000 
. 50,000-150,000 
110,000-140,000 

05.000- 115,000 
. 60,000- 75,000 
, 60,000- 70,000 
. 20,000 

, 13,000- 33,000 
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Table 19 (Continued) 

Iron (wire, hard drawn) 

(annealed) . 

Lead (cast or drawn) . 

Platinum . . 

Silver . . ^ 

Steel 

(maximum strength) 

‘‘ piano wire, ,033 m. diameter 
'' ,051 

Tin (cast or drawn) 

Zme (cast) 

Zinc (drawn) . , 


80,000-120,000 

50.000- 60,000 
2,600- 3,300 

50.000 

42.000 

80.000- 330,000 
460,000 

357.000- 390,000 

325.000- 337,000 

, 4,000- 5,000 

7,000- 13,000 

22.000- 30,000 


TABLE 20. FUSIBLE METALS 


The figures under each metal show the percentage required to make an alloy 
that melts at the temperature expressed in the left hand column 


Melhng 

ALLOY CONTAINS 

Point 

Cadmium 

1 nn 

Lead 

Btamutk 

65 5 

10.8 

14 2 

24.9 

50 1 

67 5 j 

10 2 

14 3 

25 1 

50.4 

68.5 1 

14.8 

7 0 

26 0 

52 2 

68.5 

13.1 

13 8 

24.3 

i 48 8 

75.5 

6.2 

9 4 

34 4 

! 50 0 

89.5 

7 1 

0 

39 7 

53.2 

95 

6.7 

0 

43 4 

1 49 9 

96 ! 

0 

15 5 

32 0 

52 5 

101 

0 

19 8 

25 8 

1 54 4 

126 

0 

15 0 

25.0 

60 0 

128 

0 

14.0 

43.0 

43 0 

145 

0 

33 3 

33 3 

33.3 

148 

0 

23 1 

10.7 

66 2 

161 

0 

33.0 

50 0 

17 0 

181 

0 

52 1 

35.8 

12 1 

182 

0 

60.0 

20 0 

20 0 

234 

0 

9 1 

70.9 

20 0 
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TABLE 21. FREEZING MIXTURES 



Part^ 

'by 

Weight 

1 

Parts 

hy 

Weight 

Temper-' 

ature 

Produced 

Sodium acetate 

85 

Water 

100 

-4 7 

Ammonium chloride 

30 

Water 

100 

-5.1 

Calcium chloride 

250 

Water 

100 

-12 4 

Sodium chloride . 

33 

Snow . 

100 

-21.3 

Calcium chloride 

30 

Snow 

100 

-10.9 

Ammonium chloride 

25 

Snow 

100 

-15 4 

Sulphuric acid and water 





(66 1% acid) . 


Snow 

13 08 

-16 

Sulphuric acid and water 





(66 1% acid) 

1 

Snow 

4 32 

-25 

Sulphuric acid and water 





(66 1% acid) 

1 

Snow 

1 097 

-37 

Alcohol at 4"^ 

77 

Snow 

73 

-30 

AJcohol . 


Solid carbon dioxide 


-72 

Chloroform . 


Solid carbon dioxide 


-77 

Ether 


Sohd carbon dioxide | 


-77 

Liquid sulphur dioxide 


Solid carbon dioxide 


-82 
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TABLE 22. HEAT OF COMBUSTION OF FUELS, ETC, 


Substance 

Formula 

Products of 
Comhushon 

Calories 
per gram 

B. T. U. 
per pound 

Acetylene 

C 2 H 2 

CO 2 , H 2 O 

11923 

21461 

Ammonia . . , 

NH 3 

N, H 2 O 

5332 


Alcohol, amyl 

CsHnOH 

CO 2 , HoO 

8985 

16173 

denatured ethyl 


CO 2 , H 2 O 

6455 

11619 

'' ethyl . . 

C 2 H 60 H 

CO 2 , HsO 

7183 

12929 

methyl 

CH 30 H 

COj, H 2 O 

5307 

9552 

Benzene 

CeH, 

CO 2 , H 2 O 

9977 

17958 

Carbon disulphide 

CS 2 

CO 2 , SO 2 

3244 

5839 

Carbon monoxide 

CO 

CO 2 

2442 

4395 

Coal, sub'bituminous, poor. 


CO 2 , H 2 O 

5115 

9207 

good.. 


CO 2 , H 2 O 

5865 

10557 

bituminous, poor. , . . 


CO 2 , H 2 O 

6088 

10958 

good 


CO 2 , H 2 O 

7852 

14134 

semi-bituminous, poor 


CO 2 , H 2 O 

7845 

14121 

“ good 


CO 2 , H 2 O 

8166 

14699 

“ semi-anthracite 


CO 2 , H 2 O 

7612 

13702 

anthracite, poor. 


CO 2 , H 2 O 

6987 

12577 

'' good . . . 


CO 2 , H 2 O 

7417 

13351 

Coal tar 


CO 2 , HjO 

8667 

15600 

Coke 


C02,H20 

7000 

12600 

Ethane 

C2H« 

C02,H20 

12347 

22220 

Ethylene 

C 2 H 4 

CO 2 , HsO 

i 11884 

21391 

Gas, coal 


CDs, H2O 

11000 

19800 

Gas, water 


COj, H 2 O 

1 5500 

9900 

Gasoline 


CO 2 , H 2 O 

11250 

20250 

Hydrogen 

H 2 

H2O 

34218 

61592 

Hydrogen sulphide .... 

H 2 S 

H 2 O, SO 2 

3488 

6278 

Kerosene 


C02,H20 

11100 

19980 

Methane 

CH 4 

C 02 , H 20 

13244 

23839 

Naphthalene 

CioHg 

C 02 , H 20 

9619 

17314 

Oil, lard 


C02, H20 

9400 

16920 

olive 


C 02 , H 20 

9442 

17656 

“ petroleum, heavy .... 


C 02 , H 20 

10350 

18630 

Propylene 

CaHe 

1 C02,H20 

11731 

21116 

Wood, Beech (12.9% H 2 O). 


C02,H20 

4168 

7502 

‘‘ Birch (11.83% H 2 O) 


C 02 , H 20 

4207 

7572 

“ Oak (13.3% H 2 O) . . 


C 02 , H 20 

3990 

I 7182 

“ Pine (12.17% H 2 O). 

1 

C 02 , H 20 

4422 

1 7959 
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TABLE 23. BRIGHTNESS OF VARIOUS LIGHT SOURCES IN 
CANDLE POWER, PER SQUARE INCH OF SURFACE OF 
LIGHT ACCORDING TO THE NATIONAL ELECTRIC 
LIGHT ASSOCIATION 


Sun at zenith . 600,000 

Crater carbon arc , 200,000 

Open carbon arc 10,000-50,000 

Flaming arc . . 5,000 

Kernst glower (1.5 w. p. c ) . 2,200 

Tungsten incandescent (1 15 w. p. c ' 1,000 

Tungsten incandescent (1.25 w p c ) 875 

Tantalum incandescent (2. w. p. c j . 750 

Graphitized carbon filament (2.5 w. p c ) 625 

Carbon incandescent (3 1 w. p. c i . 480 

Carbon mcandescent (3.5 w p. c ) 375 

Inclosed carbon arc d. c , 100-500 

Inclosed carbon arc a c . 75-200 

Acetylene flame (1 foot burner) 75-100 

Welsbach Mantle , 20-50 

Cooper Hewitt mercuric vapor lamp 17 

Kerosene flame . . 3-8 

Candle flame . 3-4 

Gas flame (fish tail) . 3-8 

Frosted mcandescent bulb . . ... . . 2-5 
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TABLE 24. ORGANIC COMPOUNDS 


Substance 

Formula 

Specific 

Gravity 

At 

Temp 

C. 

MdU 

Boils 

C.^ 

Acetic acid 

CHiCOOH 

1 115 

0 

16 7 

118 5 

Acetone . . 

CHaCOCH* 

0 812 

0 

-94 6 

56 1 

Aldehyde 

C,H*0 

0 806 

0 

-120 

20 8 

Aniline. 

CcHsNH, 

1 038 

0 

-8 

183 9 

Beeswax 


0 96 ± 


62 


Benzoic aeid 

CiHeOs 

1 293 

4 

121 

249 

Benzol 

C«He 

0 879 

20 

5 58 

80 2 

Butter . . 


86-7 


30 ± 

, 

Camphor 

CioHisO 

0 99 

10 

176 

209 

Carbolic acid 

CJffiOH 

1 060 

21 

43 

182 

Carbon disulphide 

CS: 

1 292 

0 

-110 

46 2 

Carbon tetrachloride 

ecu 

1 582 

21 

-30 

76 7 

Chloroform 

CHCU 

1 526 

0 

-65 

61 2 

Ethyl chloride 

CsHeCl 

0 918 

8 

-141 6 

14 

Ethyl ether 

(CjHs),0 

0 736 

0 

-118 

34 6 

Formic acid 

HCOOH „ 

1 242 

0 

86 ' 

100 8 

Gasoline . 


0 68 ± 



70-90 

Glycerin 

C,H5(0H), 

1 269 

0 

20 

290 

Iodoform 

CHI, 

2 25 

25 

119 


Lard . , . 

, 



38 ± 


Naphthalene 

Ca,C,H* 

1 152 

15 

80 

218 

Nitrobenzol , 

CflHsNOli, 

1 212 

7 5 

5 

211 

Nitro-glyoenne 

C,H5(N0,U ^ 

1 60 




Olive oil . . . 


918 



300 ± 

Oxalic acid 

H,CUOi 2H!iO 

1 68 


190 


Paraffin wax (soft) 


90 ± 


38-52 

350-390 

Paraffin wax (hard) , , 




52-56 

390-430 

Spermacetti 




45 i 


Starch . . 

(CaHioOs)®. 

1 56 




Sugar, cane. .. . .. 

Ci2H«0h ... 

1 588 

20 


160 

Stearin 

CJi5(Cl«Hw.02) . 

0 925 

65 



Tartaric acid 

HaC,H406 . 

1 754 




Tallow, beef . ... 




40-45 


Tallow, mutton 




44-45 


Toluene 

C»H,CH, 

0 882 

20 

1 -92 

111 



TABLE 2S. COMPARISON OF METALLIC ELEMENTS AND COMPOUNDS 
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TABLE 26. INTERNATIONAL ATOMIC WEIGHTS 


Element ^ 

Symbol 

Aiomxc 

Weight 

Common 

Valence 

Element 

Symbol 

Atomic 

Weight 

Common 

Valence 

Aluminum 

A1 

27 1 

3 

Molybdenum - 

Mo 

96 0 

4, 6 

Antimony 

Sb 

120 2 

3, 5 

Neodymium 

Nd 

144 3 

3 

Argon 

A 

39 9 

0 

Neon 

Ne 

20 2 

0 

Arsenic , 

As 

74 96 

3,5 

Nickel 

Ni 

58 68 

2.3 

Barium 

Ba 

137 37 

2 

Niton 

Nt 

222 

- 

Bismuth 

Bi 

208 0 

3,5 

Nitrogen 

N 

14 008 

3. 6 

Boron 

B 

10 9 

3 

Osmium 

Os 

190 9 

6,8 

Bromine 

Br 

79 92 

1 

Oxygen 

0 

16 00 

2 

Cadmium 

Cd 

112 40 

2 

Palladium 

Pd 

106 7 

2,4 

Caesium 

Cs 

132 81 

1 

Phosphorus 

P 

31 04 

3.5 

Calcium 

Ca 

I 40 07 

1 2 

Platinum 

Pt 

195 2 

2,4 

Carbon 

C 

12 005 

4 

Potassium 

K 

39 10 

1 

Cerium . . . . 

Ce 

140 25 

3,4 

Praseodymium 

Pr 

140 9 

3 

Chlorme 

Cl 

35 46 

1 

Radium 

Ra 

226 0 

2 

Chromium 

Cr 

52 0 

2, 3, 6 

Rhodium 

Rh 

102 9 

3 

Cobalt . 

Co 

58 97 

2 

Rubidium 

Rb 

85 45 

1 

Columbium 

Cb 

93 1 

1 

Ruthenium 

Ru 

101 7 

6. 8 

Copper 

Cu 

63 57 

1 2 

Samarium 

Sa 

150 4 

3 

Dysprosium 

Dy 

162 5 

3 

Scandium 

Sc 

45 1 

3 

Erbium 

Er 

167 7 

3 

Selenium 

Se 

79 2 

2. 4,6 

Europium . 

Eu 

152 0 

3 

Silicon 

Si 

28 3 

4 

Fluorine 

F 

19 0 

1 

Silver 

Ag 

107 88 

1 

Gadolinium 

Gd 

157 3 

3 

Sodium 

Na 

23 00 

1 

Gallium 

Ga 

70 1 

3 

Strontium 

Sr 

87 63 

' 2 

Germanium 

Ge 

72 5 

4 

Sulphur 

s 

32 06 

2, 4,6 

Glucmum 

G1 

9 1 

2 

Tantalum 

Ta 

181 5 

5 

Gold 

Au 

197 2 

1, 3 

Tellurium 

Te 

127 5 

2, 4,6 

Helium 

He 

4 00 

0 

Terbium 

Tb 

159 2 

3 

Holmium 

Ho 

163 5 

3 

Thallium 

T1 

204 0 

1,3 

Hydrogen 

H 

1 008 

1 

Thorium 

Th 

232 15 : 

4 

Indium 

In 

114 8 

3 

Thulium 

Tm 

169 9 

3 

Iodine 

I 

126 92 

1 

Tm 

Sn 

118 7 

2,4 

Iridium 

Ir 

193 1 

4 

Titanium 

Ti 

48 1 

2, 3,4 

Iron 

Fe 

55 84 

2,3 

Tungsten 

W 

184 0 

6 

Krypton 

Kr 

82 92 

0 

Uranium 

U 

238 2 

4, 6 

Lanthanum 

La 

139 0 

3 

Vanadium 

V 

51 0 

3,5 

Lead 

Pb 

207 20 

2,4 

Xenon 

Xe 

130 2 

0 

Lithium 

Li 

6 94 

1 

Ytterbium (Neo) 

Yb 

173 5 

3 

Lutecium 

Lu 

175 0 

3 

Yttrium 

Yt 

89 33 

3 

Magnesium 

Mg 

24 32 

2 

Zinc 

Zn 

65 37 

2 

Manganese 

Mercury 

Mn 

Hg 

54 93 
200 6 

2, 3, 4, 6, 7 
1.2 

Zirconium 

Zr 

90 6 

4 
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83 

Centigrade temperature and 
volume of gases compared, 83 
Zero, 83 

Absorbent cotton, 746 
Acetanilid, 908, 921, 934 
Acetic acid, 610, 895 
Acetone, 954 
Acetphenetidin, 908, 921 
Acetylene, 277 

Acid, acetic, see Acetic Acid, and so 
for other acids. 

Acid, anhydride, 149 
Dyes, 752, 760 
Mordant dyes, 752, 759 
Radicals, 154, 155 
Reaction, 150, 156 
Salt, 161 

Sodium carbonate, 373 
Sodium sulphate, 133, 223 
Sulphates, 300 
Acids, 25, 149, ff. 

Action with hydroxides, 150, 151, 
153 

Action with indicators, 175 
Action with Metals, 165. See 
also various metals. 

Action with metallic oxides, 165 
And bases compared, 152 
And ionization, 107 
And oxygen, 149 
Chlorme, 223, 228 
Classification, 158 
Commercial names, 149 
Decomposed by electric current, 
209 

Decomposed by metals, 165 
Defined, 150 
Dibasic, 158 
Fatty, 611 
Formation of, 163 
General properties, 150 
Monobasic, 158, 609 
Naming, 171 


Neutralization of, 153 
Old theory of, 149 
Organic, 609 
Oxygen m, 149, 155 
Relation to oxides, 163, 171 
Tetrabasic, 158 
Theory of, 150 
Tnbasic, 158 
Aconite, 908, 934 
Aconitme, 937 
Acrolein, 559 
Activated, charcoal, 963 
Sludge, 893 

Activity, table of chemical, 36 
Addition products, 278 
Adulte^'^t’op of coffee, 681 
() •] . \ ••II 
Of tea, 690 
Aesculin, 938 
After-damp, 273 
Agate, 347, 351 
Air, 74, ff 

Air slaked lime, 402 
Albumen, 574 

Alcohol, ethyl, 618, 695, 961 
Absolute, 695 
Denatured, 695 
In alcoholic beverages, 695 
In patent medicines, 918 
Alcohol, methyl, 695 
In denatured alcohol, 695 
Poisonous effect of, 934 
Solid, 811 

Alcohol, wood. See Alcohol, methyl 
Aldehydes, 618 
Alizarin, 759 
Artificial, 759 
Dyes, 759 
Alkali, 151 

Action on indicators, 175 
Alkalies, properties, 151, 152 
Alkaline, earth metals, 398 ff. 
Metals, 361 ff. 

Reaction, 151 
Alkaloids, 919 


References are to sections except where otherwise indicated, as 
app. 20, which means Table 20 in the appendix. 

Absolute scale of temperature, 32, 
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References are to sections 


Allotropic modifications, 55, 256, 
284, 338, 345 
Boron, 338 
Carbon, 241, 256 
Oxygen, 55 
Silicon, 345 
Sulphur, 256, 284 
Allotropism, 256 
Allotrophy, 55 

Alloys, 335, 358, 421, 433, 443, 452, 
457, 472, 485, 500. 

Allspice, 653 
Alpaca, 748 
Alsop process, 642 
Alum, 448, 758 
Baking powders, 638 
Alumina, 444 
Aluminates, 441 
Aluminum, 440 
Alloys, 443 
Hall process for, 440 
Hydroxide, 446 
In gems, 444 
Silicate, 449 
Sulphate, 447, 758 
Uses, 443 
Alundum, 444 
Alypin, 902 
Amalgamate, 200, 359 
Amalgamation process, for gold, 481 
For silver, 475 
Amalgams, 359 
Ammonium, 390 
Gold, 481 
Sodium, 359, 390 
Zinc, 200 
Amber, 848 
Amethyst, 444 
Ammonal B, 943 
Ammonia, 126 ff. 

As a refrigerant, 132 
In ice making, 132 
Water, 127 

Ammonio copper sulphate, 472 
Ammonium, 390 fi. 

Alum, 448, 639 
Amalgam, 390 
Carbonate, 393 
Chloride, 391 


Chloroplatinate, 490 

Compounds, dissociation of, 131 

Hydrosulphide, 392 

Efydroxide, 129 

Manganese chloride, 527 

Nitrate, 394, 943 

Nitrate, 70 

Platimc chloride, 490 

Polysulphide, 392 

Sulphate, 395 

Sulphides, 392 

Sulphide group, 289 

Salts, 390 

Amorphous, carbon, 249 ff. 

Silicon, 345 
Sulphur, 284 
Ampere, 211 
Amygdalm, 938 
Amyl, 275 

Amyl, acetate, 618, 954 
Aldehyde, 618 
Butyrate, 618 
Valerate, 618 
Amylene, 275 
Analgesics, 908 
Analysis, 27 
Proximate, 28 
Qualitative, 28 
Quantitative, 28 
Ultimate, 28 
Water, 112 
Anesthetics, 902 
Anhydride, acid, 149 
Chromic, 521 
Sulphuric, 295 
Sulphurous, 292 
Anhydrous, 115 
Aniline dyes, 751 if. 

Animal charcoal, 252 
Animi, 848 
Anion, 105 
Anise, 654 
Annealmg glass, 352 
Anode, 102 
Anodynes, 908 
Antacids, 904 
Anthracite coal, 255 
Antichlor, 379 
Anti-corrosive pamts, 845 
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References are to sections 


Anti-dimming compound, 964 
Antidotes, 933 
General, 932 
Anti-emeties, 903 
Antiformm, 895 
Anti-foulmg paints, 845 
Anti-friction metal, 327 
Antimony, 324, 

Alloys, 327 
As a non-metal, 326 
Chlorides, 329 
Compounds, 328 ff. 

Oxides, 330 
Oxychloride, 329 
Pentachloride, 329 
Trichloride, 329 « 

Trisulphide, 331 
Antipyrme, 921 

Apomorphine hydrochloride, 907 
Appendicitis, 895 
Apple flavor, 618 
Apricot flavor, 618 
Aqua, ammonia, 127 
Regia, 136 
Argol, 613 
Argon, 75 
\rgonino 805 
\ig’iol Mf) 

Armor plate, 421 
Arsenic, 316 ff. 

Oxide, 319 
Poisoning, 320 
Sulphides, 323 
Trioxide, 319 fl., 895 
White, 319 
Arsenious oxide, 319 
Arsenopyrite, 316 
Arsme, 321 

Artificial, abrasives, 444 
Diamonds, 245 
Flavors, 618, 671 
Graphite, 246 
Silk, 739 fl. 

Asbestos, platinized, 294 
Ash, black, 371 
Constituents of foods, 620 
In fruits and vegetables, 621 
Pearl, 387 


Seaweed, 234, 235 
Soda, 371 

Ashes and potassium compounds, 
387 

Ashpit, 887 
Asphyxiants, 930 
Astringents, 899 
Atmosphere, 74 ff 
Inert gases of, 74 
Of the sun, 57, 75 
Pressure of, 79 
Water vapor in, 77 
Atmospheric nitrogen, fixation of, 
725, ff. 

Atomic numbers, 542 
Atomic theory, 15 
Atomic weights, 21, Back cover, 
table 26 

And specific heat, 337 
And symbols, 21 
And valence, 21 
Classification by, 535 
Determination of, 281, 337 
Exact, See back cover, table 20 
Relation of properties to, 537 ff. 
Table, See back cover, Table 26 
To find, 281, 337 
Atoms, 15, 16 
And ions, 102 ff . 

In a molecule, 16, 353 
Atropine, *937 
Attraction, chemical, 17 
Avogadro^s hypothesis, 353 

Babbitt's metalj 500 
Bacteria, and disease, 588 ff. 

In air, 74 
In milk, 588, ff. 

In water, 120 
Baking, powder, 637 fl. 

Soda, 373 

Balsam of Peru, 910 
Banana flavor, 618 
Barium, 409 fi. 

Chloride, 411 
Dioxide, 411 
Hydroxide, 411 
Nitrate, 411, 943 
Oxides, 411 
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Sulphate, 411 
Sulphide, 411 
Baryta water, 411 
Baryta w’hite, 837 
Base, 151 

Ammonium hydroxide as, 129 
Diacid, 160 
Monacid, 160 
Triacid, 160 
Bases, 25, 151 

Action on indicators, 151, 175 
Action on metals, 165 
Action on salts, 165 
Classified, 160 
Formation of, 164 
Naming of, 172 
Soluble, 164 

Basic, bismuth nitrate, 336 
Dyes, 752, 762 
Oxides, 164 
Salt, 161 
Batemg, 874 
Battery, See cells 
Bauxite, 440 
Bay leaf, 655 
Bearing metal, 457, 472 
Beaters, 859 
Beef fat, 611 
Beeswax, 611 
Benzene, 278, 813 
Constitution, 278 
Derivatives, 278 
Series, 278 
Source, 278 
Benzine, 808 
Substitutes for, 222, 784 
Benzoic, acid, 618, 895 
Ether, see Ethyl Benzoate 
Benzom, 848 
Benzol, 278 
Berberine, 937 
Beri-ben, 605 
Berlm, argentan, 433 
Blue, 429, 841 
White, 837 

Bessemer, converter, 417 
Steel, 417 

Beta Naphthol, 910 
Bicarbonate, sodium, 373 


Bmary, compounds, 169, 174 
Oxygen compounds, 169 
Birkeland Eyde process, 725 
Bismuth, 332 ff 
Basic nitrate, 336 
Nitrate, 336 
Subnitrate, 336 
Trichloride, 336 
Trioxide, 336 

Bituminous coal, 225, see also 787 if. 
Bivalent, elements, 181 
List of, 21 
Radicals, 155 
Black ash process, 371 
Blackberry flavor, 618 
Black, blue, 843 
Damp, 262 
Drop, 843 
Frankfort, 843 
Gunpowder, 942 
Ivory, 843 

Oxide of manganese, 527 
Pigments, 843 
Blanc fixe, 837 
Blast furnace, See Furnaces 
Bleaching, by bromme, 232 
By chlorine, 221 
By hydrogen dioxide, 122 
By sodium dioxide, 375 
By sulphur dioxide, 293 
Of flour, 642 ff. 

Of cellulose, 858 
Bleaching powder, 403 
Blende, 498 
Blended flour, 627 
Blood, 909 

Blo-wpipe, oxy hydrogen, 65 
Blue, pigments, 841 
Print paper, 478 
SheU, 960 
Stone, 472 
Vitriol, 472 
Boiled off liquor, 760 
Boded linseed oil, 828 
Boiler scale, 401 

Bone ash, as source of phosphorus 
305 

Cupel, 475 
Bone black, 252 
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Bone meal, 717 
Bones, 305 
Borates, 342 
Borax, 339, ff 
As a preservative, 701 
In fertilizeis, 733 
Bordeaux mixture, 472, 895 
Boric acid, 341 S , 618, 895 
Boric oxide, 342 
Bornite, 466 
Boron, 338, ff. 

Boyle’s law, 83 
Variations from, 83 
Brass, 472 
Bread, 631 ff. 

Bs\'m<r of 632 
T.u])fij'o(* ’()'«- in, 649 
Losses m baking, 648 
Breathing, 76 
Bricks, 449 

Brightness of light souices, app 23 
Brimstone, 283 
Brine, 132, 366 
Briquet, 803 

Britannia metal, 452 g 
Bromethylmethylketonc, y59 
Bromides, as a source of bromine, 
229, 230 

Bromine, 229, ffj 895 
Bronchial secretions, 907 
Bronze, 472 
Alummum, 443 
Manganese, 472 
Phosphor, 472 
Silicon, 472 
Brown pigments, 842 
Brucine, 937 
Brunswick gi'een, 840 
Bucher process, 728 
Bunsen burner, 194 
Burial of dead, 894 
Burner, Bunsen, 194 
Meker, 194 

Burning, See Oxidation and Com- 
bustion 

Burnt, alum, 448 
Sienna, 842 
Umber, 842 
Butane, 271 


Butter, 570 ff. 

Of antimony, 380 
Rancid, 570, 611 
Butyl, 275 
Butylene, 275 
But\uic, acid, 611 

Ether, See Ethyl l:>utyratc 

Cachets, 912 
Cadmium, 506 
Sulphide, 506 
Caffeine, m coffee, 679 
In tea, 685 
Calcium, 398 ff. 

Acid carbonate, 264 
Acid phosphate m bakmg pow- 
ders, 638 

And sodium borate, 338 
Carbide, 277 
Carbonate, 401 
Chloride, 407 
Cyanamide, 726 
Fluoride, 408 
Hyodroxide, 403 
In foods, 546, 622 
Light, 67 
Nitiidc, 400 
Oxide, 402 
Permanganate, 89 
Phosphate, 305, 306 
Stearate, 900 
Sulphate, 404 
Sulphide, 411 
Triphosphate, 305, 306 
Calculations, chemical. See Prob- 
lems 

Calendering, 864 
Calomel, 512 
Calorie, 194, 576 
Calorific value of fuels, 789 
Calorific value of foods, 556, 576, 
621 

Calorimeter, 575, 576, 789 
Bomb, 576 
Camphor, 902, 954 
Candy, 577 
Cane sugar, 549 
Cannabis Indica, 934 
Cantharides, 934 
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Capric acid, 611 
Caprylic acid, 611 
Capsules, 912 
Caramel, 618, 669 
•Carat, diamond, 245 
Gold, 483 
Caraway, 656 
Carbide, calcium, 277 
Silicon, 346 
Carbo^yd^f'te<! 547 ff 

Comr>^i]^ f! !'» ith fats and oils, 557 
< 'arbc'li'i a< -d 934 


Carbon, 241 if. 

Amorphous, 249, ff. 

Atom, 272 
Compounds, 258 ff. 
Disulphide, 266 ff . 

Gas, 254 

Tetrachloride, 222 
Carbona, 784 

Carbonate, acid, 149, 265, 373 
Ammonium, 393 
Potassium, 387 
Sodium, 373 
Carbonated water, 694 
;Carbon dioxide, 261 ff. 

I Action on dour, 632 


t in air, 76 
In rooms, 76 
Relation to life, 76, 264 
arbon disulphide, 266 ff. 

Ajs a solvent, 269 
arbonic acid, 261, 265 
arbonized fuels, 788, 800 ff. 
arbon monoxide, 258 ff 
Carbon tetrachloride, 784 
Carbonyl, 260 
Chloride, 260 
Nickel, 260 
Carborundum, 346 
Furnace, 346 
Carburetor, 817 
Carbureting, 817 
Carnailite, 493 

Carter process for white lead, 462 
Cascara sagrada, 905 
Casein, 585 
Cashmere wool, 748 
Cassel brown, 842 


Cassia, 659 
Cassiterite, 450 
Cast non, 417 
Castor oil, 560, 905 
Catalytic action, 35 
Catalyzer, 35 
Cataplasms, 912 
Cathode, 102 
Cation, 102 
Catseye, 351 
Caustic, 898 
Lunar, 477 
Potash, 384 
Cayenne pepper, 657 
Celery, 658 
Cell, electrohdic 208 
Ceils, 200, ff: ^ 

Closed circuit, 204 
Daniell, 204 
Dr>% 203 

Edison primary, 204 
Edison storage, 206 
Lead plate, 205 
Open circuit, 202 
Primary, 200, 202, 204 
Storage, Edison, 206 
Storage, lead, 205 
Cellulose, 550 
Esters, 739 

Cementation steel, 416 
Cements, 405 ^ 

Centigrade thermometer, 32 
Cerates, 912 
Cerium oxide, 820 
Cerotic acid, 611 
ChalcopjTite, 466 
Chalk, 398 
Chalk acid, 261 
Chamois, 881 
Changes, 6, 7 
Charcoal, 249 ff., 800 
Activated, 963 
Dry, 801 
In filters, 120 
Chardonnet sdk, 739 
Charles, law of, 83 
Ghartae, 912 
Cheese, 611 
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Referenceh ; 

Chemical action itnd electricity, 
207 ff. 

And heat, 194 ff 
And light, 212 
And solution, 99 
And temperature, 9, I t 
Evidence of, 9, 10 
Varieties of, 27 
Chemical activity, 36 
Chemical attraction, 17 
Chemical calculations, See Problems 
Chemical change, 7, 8 
Evidence of, 9, 10 
Chemical cleaning, 783 
Chemical compound, 18 
Chemical division, 13, 14, 15 
Chemical energy, 17 
Of metals, 357 
Chemical equivalent, 177 
Chemical properties, 5 
Chemical pulp, 855 if. 

Chemical thermometer, 32 
Chemistry, defined, 1 
How to study, 30 
Importance of, 29 
In industry, 29 
Relation to physics, 2 
Cherry flavor, 618 
Chestnut, 758 
Chile saltpeter, 376 
China grass, 748 
Chinese white, 837 
Chloral hydrate, 903 
Chlorate mixtures m explosive.^, 0 
Chloride of lime, 403 
Chlorides, 226 
Chlorination process, 482 
Chlorine, 218, ff. 

Acids of, 223, 228 
Compounds, 223, ff. 

In food, 546 
Nascent, 221 
Oxv^acids, 171, 228 
Chlorofoim 784, 902 
Chlorophyll, 550 
Chloropicrin, 958 
Chlorplatmic acid, 488, 490 
Chocolate, 578, 580 
Choke damp, 262 
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Chromates, 520, 522 
Chrome, alum, 448 
Leather, 883 
Oie, 522 
Red, 522 
Steel, 421 
Yellow, 522 
Chromic, acid, 521 
Anhydride, 521 
Chloride, 520 
Compounds, 520 ff. 

Oxide, 521 
Chromite, 518 
Chromium, 518 
As a metal, 520 
As a non-metal, 520 
Compounds, 520 ff 
Tnoxide, 521 
Chromophor in dyes, 752 
Chromous compounds, 520 
Chrysorobin, 910 
Cibanone dyes, 764 
Cinchona alkaloids, 924 
Cinder, 415 
Cmr^abn- 839 
( ; • . 659 

Citric acid, 614, 895 
Clarke, 22^ 118 

Classification, of chemical sub- 
stances, 18, 23 
Periodic, 537 ff. 

Clay, 449 

Aluminum from, 440 
Clear flour, 627 
Closets, inside, 889 
Outside, 888 
Cloves, 660 
Clysters, 912 
Coal, 255 ff , 793 ff. 

Anthracite, 255 
Ash, 795 

Bitnmmous, 255, 794 
Coking, 794 
Combustion of, 796 
Composition, 799 
Distillation, 813 
Gas, 813 

Mines, gases m, 261 f. 

Products from, 794 ff., 813 



xxvili 


CHEiMJHTRV IX EVERYDAY LIFE 


Reteiences aie to hectioiih 


Soft, 255 

Spontaneous combustion of, 805 
Steam raising, 798 
Coal tar, 813 
Dyes, 813, chapter 31 
Dyes m food, 704 
Naphtha, 834 
Cobalt, 435 ff 
Blue, 437, 841 
Chloride, 437 
Cyanide, 437 
Hydroxide, 435, 437 
Oxide, 437 
Sulphide, 437 
Cocame, 902, 919 
Cochmeai, 175 
Cocoa, 579, 580, 691 ff 
Butter, 578, 579 
Cocoanut, charcoal, 963 
Oil, 565 

Codeme, 902, 921, 937 
Cod liver oil, 560 
Coffee, 675 ff 
Corns, gold, 485 
Nickel, 485 
Silver 485 
Coke, 254, 802 
From coal, 802 
From petroleum, 808 
In smelting iron, 415 
Cold remedies, 920 
Cold storage, 697 
Collodion, 912 
Cotton, 912, 953 
Colloidal, 551 
Cologne, brown, 842 
Yellow, 838 
Colored, fixes, 410, 411 
Glass, 352 
Paper, 859 

Coloring matters classified, 752 
Combmation, by volume, 191, 276 
By weight, 124, 191 
Of gases, 191, 240 
Combu>Lion, 48 
And flame. 48 
Heat of, App 22 
Of coal, 796 
Products of, 196 


Spontaneous, 48, 805 
Supportei of, 44 

Common salt. See Sodium chloride 
Composition, ammonia gas, 130 
By w’eight, 56, 191 
By volume, 191 
Coal, 793 

Carbon dioxide, 260 
Earth’s crust, 22 
Hydrochloric acid, 224 
Natural waters, 112, 118 
Percentage, 56 
Water, 112 

Compound molecule, 16 
Compounds, chemical, 18, 23 
Formation of, 24, 180 
Saturated, 275 
Unsaturated, 275 
Concentrated solutions, 85 
Concrete, 406 ff. 

Cmder, 406 
Reinforced, 406 
Condenser, iodine, 235 
Mercury, 508 
Sulphur, 283 
Water, 120 
Condiments, 652 
Conductance, electrical, 356 
Conductmly of metals, 356 
Cones, Scgai s pyrometric, 819 
ConfecTions, m medicine, 912 
Congo red, 756 
Coniine, 937 
Comum, 930 

Conservation, of energy, 193 
Of matter, 193 
Constitution of benzene, 278 
Contact method for sulphuric acid, 
298 

Converter, copper, 467 
Steel, 417 
Copal, 848 
Copper, 466 ff. 

Alloys, 472 

Ammonio sulphate, 472 
And sulphuric acid, 470 
Carbide, 277 
Carbonate, 466 
Chlorides, 473 
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Corns, 485 
Electrolytic, 468 
In vegetables, 704 
Nitrate, 473 
Oxides, 470, 473 
Plating, 471 
Pyrites, 466 
Sulphate, 472 
Sulphate, dehydrated, 472 
Sulphide, 473 
Copperas, 426 
Cordite, 885 
Corianaer, 667 
Corn, 551 
Oil, 566 
Syrup, 553 

Corrosive poisons, 930, 931 
Corrosives, in medicine, 898 
Corrosive sublimate, 512 
Corubm, 442 
Corundum, 444 
Cotton, 744 
Dyemg of, 756, 758 
Cottonseed oil, 567 ff 
Cough remedies, 920 
C. P. Chemicals, 913 
Crayon, 401 
Cream of tartar, 264 
Cntical temperature, 43 
Crockery, 449 
Cross dyemg, 765 
Croton oil, 560 
Crucible process for steel, 418 
Crust of the earth, 22 
Cryolite, 214, 440 
Crystal, rock, 347 
Crystals, formation of, 92 
Monoclmic, 284 
Orthorhombic, 284 
Crystallization, 92 
Water of, 115 
Crystolon, 444 
Cumin seed, 667 
Cumarin, 669 
Cupel, 475 
Currant flavor, 618 
Current, electric, 198 ff , 210 
Cyanide, 155 
Double, 479 


Gold, 485 
Iron, 429 

Potassium^ 388, 429 
Process for gold, 483 
Cymogene, 808 

Daily ration, 582 
Dakin’s solution, 897 
Dammar gum, 848 
Daniell cell, 204 
Daicet’s alloy, 335 
Davy safety lamp, 48 
Decane, 271 
Decantation, 91 
Decoctions, 912 
Decomposition, 27 
Double, 27 
Heat of, 196 

Definite volume, law of, 191 
Definite weight, law of, 191 
Deflagration, 385 
Dehydrated, 115 
Copper sulphate, 472 
Deliquescence, 111 
Dehriant poisons, 930, 931 
Demulcents, 932 
Denaturated alcohol, 695 
Dental amalgam, 506 
Plaster, 404 

Depilation, of hides, 873 
Depressants, 931 
Depth bombs, 947 
Despeisses-Pauly piocess for silk, 
739 

Determmation of atomic weights, 
337 

Developer, 478 
Dewar bulb, 81 
Dextrin, 549 
Dextrose, 552 
Diacid base, 160 
Diamond, 243 ff. 

784 

() ■ I ''*0 ' -u phide, 961 

I)y*h l-S 

Dichromic acid, 523 
Digestion, 606 ff. 

Digitalin, 938 
Digitalis, 930, 934 
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Diiiydroxy-succmic acidj 613 
Dili seed, 667 
Dilute solution, 85 
Dinitrocellulose, 953 
D’ta*";:'”'' <305 

D*) e.- 1 ' r... - 960 

D )■'« t 

Disease and bacteria, 588 ff 
Disinfectants, 222, 233, 512, 528, 
895, 897 

Disodium phosphate, 377 
Disposal of the dead, 894 
Dissociation, by heat, 14 
Electrolytic, 208 ff. 

Distemper pamting, 845 
Distillation, coal, 813 
Petroleum, 80S 
Water, 120 
Wood, 610 
Distilled water, 120 
Divi-divi, 758, 875 
Double decomposition, 27 
Double refraction, 401 
Dragon’s blood, 848 
Drain tile, 449 
Drenching, 874 
Driers, 835 
Drinking water, 119 
Impurities in, 117 
Drop black, 843 
Drummond light, 67 
Dry cleaning, 783 
Ductile metals, 356 
Durum wheat, 628 
Dust in the air, 77 
Dutch metal, 472 

Dutch process for white lead, 460 
Dyeing, 447, 751 
Of foods, 704 
Djmamite, 351, 951 
Dynamo current, 198 ff. 

Earthen ware, 449 
Eau de Javelle, 895 
Eau de Labarraque, 895 
Eczema, 927 


Edison, primary cell, 204 
Storage cell, 206 
Effervescence, 263 
EfSorescence, 111 
Eggs, 602 
Powder, 604 
Storage, 604 
Ektogan, 895 
Electric cells, 199 ff 
Electric furnace, 207 
Electrical conductivity of metals, 
356 

Electricity and chemical action, 
207 ff. 

Electrochemistry, 198 ff 
Electrodes, 207 
Electrolysis, 208 
Alummum oxide, 400 
Dilute sulphuric acid, 209 
Industrial application, 207 
Metals, See various metals. 
Potassium hydroxide, 384 
Potassium sulphate, 209 
Sodium chloride, 374 
Sodium hydroxide, 364 
Theory of, 208 
Water, 209 
Electrolytic, cell, 208 
(x^ppei, 468 
Dissociation, 208 ff. 

Process for white lead, 461 
Refinmg of metals, 211 
Separation of gold and silver, 483 
Electro-negative ions, 102 
Electro-positive ions, 102 
Electro-negative and positive com- 
bmation, 180 
Electrolyte, 100 ff. 

Electrons, 20, 533 
Electron theory, 20, 533 
Electro-plating, 210, 433, 479, 485 
Elements, 19, 20, 118 
Bivalent, 21 
Classification, 21 
Common, 21 

Complete list. Back cover, 

In earth’s crust, 22 
In the sea, 22, 118 
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rciiodie c'labhjlical ion, fl 
Picdiction of, 531) 

Quadrivalent, 21 
Quinquivalent, 21 
Table of, 21, Back <*o\ei talde 20 
Tnvalent, 21 
LTmvalent, 21 
Elemi, S48 
Elixirs, 912 
Emerald, 444 
Emerald, green, S40 
Emery, 444 
Emetics, 903 
Emetine, 937 
Emnla'=t’’a 912 
'■["ui-io’ 912 

Enameled leather, S79 
Enamel paints, <S45 
Endothermic reaction, 195 
Enemata, 912 

Energy in chemical action, 193 ff 
English gas respirator, 222 
Entire wheal flour, 627, G50 
Bnzvme^ 606, 634 
]]o«'ino, S07 
Epilepsy, 922 
Epsom salt, 496, 905 
Equations, 26, 1S5 ff 
Quantitative, OS 
Thermal, 196 
roi’-'bi'ur' 189 
Jhc-ciiTKi 190 
Equivalents, 177 
Ergot, 930 

Etching, on copjier and steel, 136 
On glass, 217 
Esters, 6X7 ff 
Ethane, 274 

Ether, acetic, See Ethyl acetate 
Benzoic, See Ethyl benzoate 
Butyric, See Ethvl ])iitvrate 
Ethyl, 902 

Formic, See Ethyl formate 
Nitrous, See Ethyl nitrite 
Oenanthic, See Ethyl oenanthate 
Pen oleum, 809 
Sebacylic. See Ethyl sebacate 
vSuccmic, See Ethyl succinate 
Valerianic, See Ethyl valerate 


o to sections 

Eth\l, acetate, 618, 954 
Alcohol, See Alcohol, ethyl 
Benzoate, 618 
Butyrate, 618 
Chloride, 902 
Ether, 902 
Foimate, 618 
Nitrate, 618 
Oenanthate, 618 
Oxide, See Eth}"! ether 
Sebacate, 618 
Succinate, 618 
Sulphuiic acid, 276 
Valerate, 618 
Ethylene, 276, 961 
E\c‘'d'.q'“^i;- oil, 933 
» qo* ■ 01 , 92 
Excito-motory poNons, 930 
Exothermic reactions, 105 
Expired air, 76 
Explosive compounds, 945 
Explosive mixtures, 941 
Explosives, 940 ff. 

Extracts, flavoring, G6S ff . 

Medicinal, 912 ^ 

Eye, 342, 911 

Factors, 186 

Fahrenheit theimometer, 32 
Faience, 449 
Fainting, 132 
Fast colors, 448 
Fats, 547, 558 
Composition 557 ff. 

DlZi*' ni o()s 

558 

In < ) I, 6)2 1 
Rancidity, 558 
Saponification, 559 
Fatty acids, 611 
Feathers, dyeing of, 757 
Feldspar, 352, 380, 440 
Fennel, 667 

Fermentation of sugars, 634 
Fermentation vat, 764 
Ferric compounds, 422 ff. 
Chloride, 425 
Ferrocyamde, 429 
Hydroxide, 424 
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Fixation of atmosphene nitiogen, 
725 ff. 


Oxide, 423 
Sulphate, 426, 758 
Sulphide, 428 
Tests, 430 

Fernc^^anides, 155, 429 
Ferrochlor, 895 
Ferrocyamdes, 155, 429 
Ferro-ferric oxide, 423 
Ferromanganese, 417 
Ferrous compounds, 422 if. 
Chloride, 425 
Ferric oxide, 423 
Ferncyanide, 429 
Hydroxide, 424 
Oxide, 423 
Sulphate, 426 
Sulphide, 287, 428 
Tests, 430 
Fertihzers, 750 ff. 

Action of bacteria, 722 
Artificial, 708 

Birkeland-Eyde process, 725 
Bucher process, 728 
High grade, 734, 735 
Home mixmg, 736 
Loss of nitrogen, 732 
Nitrogen as, 719 ff. 

Ostwald process, 730 
Pauling process, 725 
Phosphorus as, 715 ff. 
Potassium as, 709 ff. 
Schdnherr process, 725 
Serpek process, 729 
Tankage as, 721 
Fibroin, 738 
Fillers, 860 

Film, photographic, 478 
Filter, charcoal, 120 
Filter paper, 91 
Filtering water, 120 
Filtrate, 91 
Filtration, 91 
Fire, bricks, 449 
Colored, 410, 411 
Damp, 261, 273 
Extinguishers, 264, 373 
Fireproofing, textiles, 749 
Paint, 845 

Fireworks, 386, 410, 411 


Fixed air, 261 

Fixing, in photography, 478 
Flake white, 837 
Flame, acetylene, 277, app 23 
And combustion, 48 
Bunsen, 194 
Hydrogen, 64 
Meker, 194 
Oxidizing, 343 
Oxy acetylene, 65, 819 
Oxyhydrogen, 65, 356 
Reducing, 343 
Flashing point, 810 
Flavormg extracts, 668 ff 
Flavors, artificial, 618, 671 
Flint, 352 
Flotation, 355 
Flours, 623 ff. 

Adulteration of, 641 
Bleachmg of, 642 
Grades of, 627, 647 
Flowers of sulphur, 284 
Fluidextracts, 912 
Fluorine, 214 
Fluorspar, 214 
Flux, 408, 415, 493 
Foamite, 373 
Food, defined, 544 
'Contaming calcium, 622 
Containing iron, 622 
Containing phosphorils, 622 
Preservatives in, 696 ff. 

Pure, 545 
Water in, 619, 621 
FooFs gold, 414, 428 
Foot remedv. 928 
Foiin Friohycic, 548, 703, 895 
Formalin, 895 

Formic ether, See ethyl formate. 
Formin, 906 

Formula, structural, 275 
To find, 304 
Frankfort black, 843 
Fructose, See Levulose 
Fruit flavors, artificial, 618, 671 
Fuel Value of Foods, See Calorific 
Value of Foods 
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In mines, 273 
Solution of, 93 ff. 

Gasoline, 809 

Gatehouse test for arsenic, 320 


Fuels, 787 ff. 

Calorific value, 789 
Carbonized, 800 
Compressed, 803 
Gaseous, 788, 812 ff. 

Liquid, 788, 806, 811 
Solid, 788, 790 
Fulminates, 955 
Fuminj? acid, nitric, 133 
Sulphuric, 303 
Fungi, 934 

Furnace, blast, for copper, 467 
For iron, 415 
Furnace, electric, 207 
Reverberatory, 354, 371, 418, 467 
Fusible alloys, 335 
Fusible metals, table for, app. 20 
Fusion, 356 

Galena, 455 
Gallic acid, 615 
Gall nuts, 616, 758 
Galvanized iron, 500 
Gambler, 875 
848 
^!! 

Gas, 3 

Blast furnace, 816 
Carbon, 254 
Coal, 813 

Comparison of coal and water, 
818 

Effect of heat on volume, 83 
Effect of pressure on volume, 83 
Illuminating, 813, 817 
Liberation of, 187 
Mantles, 820 
Marsh, 271, 273 
Maslvs, 222, 963 
Natural, 812 
Pintsch, 821 
Producer, 814 
Volume reduction, 83 ff 
Water, 61, 817 
Gaseous fuels, 788, 812 ff 
Gases, absorption by charcoal, 250 
Absorption by platinum, 488 
Oombmation by volume, 191, 240 
Inert, 74, 75 


Gelatmj 601 
Gelsemme, 937 
Gems, aluminum in, 444 
Sihcon m, 351 
German silver, 433 
Ginger, 661 * 

Glacial acetic acid, 610 
Glass, 352 
Glazed bricks, 449 
Glauber’s salt, 369 
Glazing pottery, 449 
Glucose, 552 
Glucosides, 938 
Gluten of wheat, 629 
Relation to starch, 630 
Glycerin, See Glycerol 
Glycentes, 912 
Glycerol, 558, 618 
Trinitrate, 950 
Glycozone, 895 
Gold, 481 ff. 

Alloys, 485 
Chloride, 486 
Cyanide, 485 
Fool’s 414, 428 
Plating, 485 
Graham flour, 627, 650 
Gram molecule, 167 
Granite, 352 
Grape flavor, 618 
Graphite, 264 ff. 

Gravimetric composition of air, 74 

Gray cast iron, 417 

Grease, removal of, 785 

Green fire, 411 

Green pigments, 840 

Green vitriol, 426 

Green X shell, 959 

Guanidine nitrate, 954 

Gum arable, 549 

Gums, 847 

Guncotton, 952 

Gun metal, 472 

Gunpowder, 385, 942 
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Gnt.^eit test for ai sen k*, 320 
Gypsum, 404 

Haber process, 127 
Hair tonics, 924 
Hall process for alimiinuin, 410 
Halogens, 214 ff , 895 
Compounds '^vith hydrocarbons, 
280 

Hardness, of metals, 35G 
Of water, 116 
Hard coal, 255 
Hard wheat, 628 
Hay fever, 925 
Headache, 921 

Heat, and chemical action, 191 ff. 
And oxidation, 48 
From bnrn’ng V'diogcn, 05 
In o'c'Mtjlc f’lC', 207 
Of combustion, app. 22 
Of decomposition, 190 
Of formation, 195 
Of neutralization, 197 
Hea%’^" oil, 813 
Hea\'^^ spar, 411 
Helium, 75 
Hematite, 414 
Hemimorpshite, 498 
Hemlock, 875 
Hemp, 748 
Heptane, 271 
Heptogan, 895 
Hexabrombenzenc, 278 
Hexachlorbenzene, 278 
Hexane, 271 
Hexoses, 549 
High temperature® 819 
Hofmann appaiatu^, 209 
Homology, 272 
Honey, 555 
Honeys, 912 
Horn, dyemg of, 757 
How to study chemistry, 30 
Hydrastine, 937 
Hydrate, See Hvdi oxides 
Hydraulic, cement, 405 
Limes, 405 
Hydriodic acid, 104 
Hydrocarbons, 270 ff 


arc to sections 

Hydrochloric acid, 223 if 
Hydrocyanic acid, 155 
Hydroferricyanic acid, 155 
Hydroferrocyamc acid, 155 
Hydrofluoric acid, 215 fl. 
Hydrogen, 57 if. 

And chlorme, 221 
Antimonide, 328 
Arsenide, 321 ff. 

As a reduemg agent, 355 
In acids, 59, 150 
Ions, 105 
Occlusion, 488 
Peroxide, 121, ff., 895 
Replaceable, 159 

Qils, 558 

1 u* j' ‘ . I ■ 121 ff , 895 

Hydrogen sulphide, 287, ff. 

Group, 289 
Hydrolysis, 27 
Hydroxides, 151, 155 
Hvrhono 61 
H 'dio'-ii phiio Mil, 764 
llydioxyl, 155 
Hydrozone, 895 
Hyoscyamine, 937 
Hypnotics, 908 
Hypochlorites, 228 
H^'pochloroiis acid, 228 

Ice, 113, 132 
Iceland spar, 401 
Ichthyol, 910 
Illium bomb, 789 
Illuinuuu ina gas, 813, 817 
Importance of chemistry, 29 
Indian hemp, 934 
Indian red, 839 
Indican, 938 
Indicators, 175 
Indigo, 764, 841 
Inebnant^, 930, 931 
[nfu'sion-, 912 
Ingram dves, 752, 765 
Inks, 8G6 ff. 

Chrome, 868 
Copying, 867 
Fugitive, 869 
Hektograph, 867 
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Jndcliblc, 477j 8G8 
Invisible, 487, 869 
Punter’s, 253, 870 
Red, 867 

Stains, removal ol, 785, 786 

\ ^ ^68 
Inorganic poisons, 930 
[nvar, 421 
Iodic acid, 155 
lodme, 234, 895, 934 
Iodoform, 934 
Ionization, 100 £f. 

Ions, 101, 103 
Ipecac, 903 
Iron, 414 ff. 

Alum, 448 ff. 

Buff, 765 
Cyanides, 429 
Disulphide 411, 428 
( « ihani/ed, 500 
In foods, 516, 622 
Ovides, 423 
Sulphides, 428 
Irritant poisons, 930, 931 
Ivory black, 843 
Ivory, dyeing of, 757 

Japanned leatiier, 79 
Jasper, 351 
Jute, 748, 757 


Ivainite, 709 
Kaolin, 449 
Kapok, 718 
Karo, 558 
Keratin, 738 
Kerosene, 809 

Flashing point. RIO 
Kid leather, 882 
Kiesol-guhi, 351, 951 
Kilogi-am, 31 
Kim 1 1 mg temperature, 48 
Kina " c41ow, 323 
Krern’s vliite, 837 
Krypton, 74 
K Shell, 959 
Kupfernickei, 431 


Lachrymators, 958 
Lactic acid, 590 
Lactose, 586 
Laid papei, 862 
Lake, 448 
Lampblack, 253 
Lapis lazuli, 841 
Lard, 611 
Largm, 895 

Latent heat in water, 113 
Latm names, 21 
Laudanum, 937 
Laughing gas, 138 If. 

Laundry chemistiy, 773 ff. 

Law, of Boyle, 83 
Of Charles, S3 
Of definite volume, 191 
Of definite weight, 191 
Of multiple volume, 191 
Of multiple V eight, 191 
Of specific heat, 337 
Pei iodic, 537 
Lead, 455 ff. 

Acetate, 463 
Alloys, 457 
Carbonate, 459 
Chambers, 297 
Chloride, 463 
Chromate, native, 518 
Dioxide, 458 
Iodide, 463 
Lmoleate, 835 
Monoxide, 458 
Nitrate, 463 
PencHs, 248, 457 
Peroxide, 458 
Resinate, 835 
Silver bearing, 474 
Spongy, 205 
Sugar of, 463 
Sulphate, 463 
Sulphide, 463 
Tetroxide, 458 
White, 460 ff . 

Leather, dyeing of, 757 
LeBlanc process for sodium cai 
bonate, 371 
Lemon yellow, 838 
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Lemon, extract, 670 Magnesia, 495 

Flavor. 618 Alba, 497 


Oil, 618 

Lemont stone, 844 
Lethal gases, 958 
Levulose, 557 

Light, and chemical action, 212 
And silver salts, 478 
Brightness of source^?, app. 23 
Lignite, 255, 792 
Ligroin, 808 

Lime, 402 ff , 895 See calcium 
As a fertihzer, 726 
Limewater, 403 
Limonite, 414 
Linen, 747 
Dyeing of, 756 
Liniments, 912 
Linoleic acid, 824 
Linolic acid, 824 
Linseed oil, 826 ff 
Lipowitz^s alloy, 335 
Liquores, 912 
Liquid, air, 81 
Ammonia^ 128, 132 
Carbon dioxide, 263 
Chlorine, 220 
Fire, 962 

Fuels, 788, 806, 811 
Hydrogen, 63 
Nitrogen, 71 
Oxygen, 43 
Sulphur dioxide, 291 
Liquids, soliibihty, 98 
Litharge, 458 
Lithium, 361 
Lithopone, 837 
Litmus, 175 
Loading, 770 
Lozenges, 912 
Lubricating oil, 809 
Luminous paint, 411, 532, 845 
Lunar caustic, 477 
Luster, metallic, 356 
Lyddite, 948 

Mace, 662 
Magnahum, 443 


Mcsno^ium 493 ff. 

( l-onnlc 497 
Chloride, 497 
Hydroxide, 495 
Nitride, 494 
Oxide, 495 
Peroxide, 895 
Sulphate, 496 
Masmetic oxide of iron, 423 
Maano- i:o. 414 
\Li! ■".'ii.o green, 840 
Malic acid, 895 
Malleable, iron, 419 
Metals, 356 
Maltose, 549 
Manganates, 529 
Mango no«o 524 ff. 

Vilov- IJl 472 
Black oxide, 527 
Bronze, 472, 526 
Carbonates, 520 
Dioxide, 527 
Lmoleate, 828, 835 
Resmate, 835 
Sulphate, 529 
Sulphide, 529 
Manganese black, 843 
Manganic compounds, 524 ff. 
Manganous compounds, 524 ff. 
Mangrove bark, 875 
Mantles, gas, 820 
Maple sugar, 550, 555 
Marble, 401 
Marsh gas, 273 
Series, 271 

Marsh’s test for arsenic, 322 
Masses, 912 
Massicot, 458 
Mastic, 848 
Matches, 312 

Mathematics of chemistry, See 
Problems 

Matte, copper, 467 
Matter, 1 

Conservation of, 193 
Properties, 4, 5 
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Meat, 597 
Preserving, 600 
Sound, 598 
Unwholesome, 599 
Meat sugar, 550 
Mechanical mixture, 18 
Medicated, papers, 912 
Wines, 912 
Medicines, 897 ff. 

Medullic acid, 611 
Meker burnei, 194 
Melinite, 948 
Melhta, 912 
Mendelejeff, 537 ff. 

Menthol, 902 
Mercerized, cotton, 746 
Mercuric, chloride, 512, 895 
Compounds, 511 ff. 

Mercurous, chloride, 512, 905 
Compounds, 511 ff. 

Mercury, 507 ff. 

Fulminate, 955 
Iodide, 513 
Nitrates, 509 
Oxides, 511 
Sulphates, 514 
Sulphide, 515 
Vapor tension, app 2 
Metai and non-metal, 168 
Metallic, alloys, 358 
Ions, 105 
Luster, 356 
Salts, 360 

Metallurgy, 355, See various metals 
Metals, 168, 354 ff. 

Alkaline, 361 ff. 

Alkaline earth, 397 ff. 

Fusible, 335 
Metaphosphates, 315 
Metaphosphoric acid, 315 
Metastannic acid, 451 
Methathesis, 27 
Mcicoiitcs, 57 
Metei, 31 
Methane, 271, 273 
Series, 271 
Methyl, 274 

Alcohol, See Alcohol, methyl 


175 

' . 618 

Methylated spirit, 834 
Methvlcnc blue, 762 
Metric abbreviations, 31 
Equivalents, 31 
System, 31 
Milk, 583, ff 
Adulterated, 594 
Artificial, 596 
Buddized, 592 
Certified, 592 
Contammation, 588 
Digestion of, 595 
Fat in, 584 
Modified, 592 
Pasteurization, 592 
Preservatives in, 593 
Protein in, 585 
Skimmed, 592 
Sterilization, 592 
Milk of lime, 403 
Milk sugar. See Lactose 
Mimosa bark, 875 
Mineral mattei in food, 575, 620 
Mineial phosphates, 305, 715 
Mineral water, 116 
Mmium, 458 
Mispickel, 316 
Mistuiae, 912 
Mixture, 18, 912 
Air a, 80 

Modification, alio tropic, 55, 256. 

284, 338, 345 
Mohair, 748 
Mole, 167 
Molasses, 554 
Molecular weights, 56 
And vapor density, 353 
And specific gravity, 353 
Molecules, 12 
And atoms, 16 
Compound, 16 
Number of atoms m, 353 
Simple, 16 
Monacid base, 160 
Monkshood, 937 
Monobasic acids, 158 
Monobitimbenzene, 278 
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Monociiloi benzene, ‘J7S 
Monochloimethvlchloiofoiiaabs 
959 

Monochnic sulphur, 284 
Monosaccharides, 549 
Mordants, 448, 75S 
Mordant dyes, 752, 759 
Morocco, 880 
Mo-^phin? 019 
-Moi l(I-) 

Mosaic gold, 472 
Mother liquor, 235 
iMountain green, 840 
Mucilage^, 912 
Mulnjile propoitioiis, 191 
Mungo, 743 
Muriatic acid, 225 
Muscarin, 934 
Mustard gas, 961 
Mustard seed, 663, 903 
Mydriatics, 911 
Myotics, 911 
Myiobalans, 758, 875 

Names of chemical compounds, 167 
Naphtha, 808 
Narcotics, 908, 930, 931 
Narcotme, 937 
Nascent, chloiine, 221 
Hydrogen, 66 
Oxygen, 221 
Natural, cements, 405 
Gas, 812 

Naylor and Girard process, 642 
Negative, electrode, 209 
Photo^aphic, 478 
Nelson cell, 219 
Neon, 75 

Neurotic poisons, 930, 931 
Neutrali/ation^ 153, 156 
And ionic theory, 153 
Heat of, 197 
Newton’s alloy, 335 
Nickel, 431 
Alloys, 433 
Carbonyl, 260 
Chloride, 434 
Coin, 433 
Hydroxide, 434 


Nitiatc, 134 
Plating, 433 
8teel, 421 
Sulphate, 434 
Nickeloid, 433 
Nicotine, 935 
Nitei, 385 
Niton, 531 

Nitrate mixtures, 941 
Nitrates, 155 
Deposits, 376 

Formation from nitric acid, 135 
In fertilizer, 719 ff 
Nitric acid, 133 if. 

And bread, 645 
Nitiic esters, 949 
Nitric oxide, 142 
Nitride, magnesium, 494 
Nitrification, 722 
Nitrites, 155 

Effect on human system, G4G 
Nitio derivatives, 940 
Nitrocellulose, 952 
In artificial silk, 739 
Nitro 946 

Nitrogen, 69 if 
Compounds, 126 ff. 

Dioxide, 142 ff. 

Fixation of atmospheric. 725 ff. 
From action of bacreiia, 722 
From ammonia, 723 
From nitrates, 724 
From organic matter, 720 
Monoxide, 138 ff. 

Oxides, 137 ff. 

Tetroxide, 145 ff., 643 
NRroglvcerme, 950 
Ni’.oi M.(, 726 
Nitrous, acid, 155 
Oxide, 138 ff. 

Nomenclature 167 ff. 

Non-metallic ions, 105 
Non-metals, 168 

Normal bismuth nitiate, 334, 336 
Normal salts, 161 
Nulomoline, 558 
Nut margarine, 573 
Nutmeg, 664 
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Oak hark, 01 G, S75 
Obehity, 923 
Occlusion, 4SfS 
Ocean water, IIS 
Ochies, cS3S 

Oenanihic, acid, 1)11, ijl8 
Ethel, See Etliyl oenaiithate 
Ohm, 350 
Oil, Cade, 910 
Casioi, 905 
Chinese nut, 823 
Cottonseed, 567 
Drying, 823, 825 
Essential, See Olea Volatilia 
Eucalyptus, 933 
Fixed, See Olea Pmgua 
Heavy, 813 
Hemn'=!r'f‘d 823 
In lood 5“)7, 561 
Lard, 823 
Lemon, 018 
Linseed, 823, 820 ff. 

Lubricating, 823 
Non-drymg, 823 
Of vitriol, 290 ff. 

Orange, 018 
Persioo, 018 
Poppyseed, 823 
Rock, 807 
Semi-drying, 823 
Sperm, 823 
Tung, 823 
Volatile, 912 
Walnut , 823 
Whale, 823 
Oil varnish, 850 
Ointments, 912 
Olea, pingiia, 912 
Volatilia, 912 
Oleates, 912 
Olefine series, 275 
Oleic acid, 558 
Olein, 558 
Oleomargarine, 572 
Oleoresms, 912 
Olive oil, 502 fi. 

Adulteration with cottonseed oil, 
563 

Opal, 351 


Opacjuo, 35() 

Open health pioce.ss ioi ^teel, 418 
Opium, 919, 937 
Orange, < hrome yellow, 818 
Oiaiige, flavor, 018 
Oil, 618 

Organic poiNons, 930 
Orpiment, 323 

Orthohydroxybenzoic acid, G12 
Oithophosphoiic acid, 314 
Orthorhombic sulphur, 284 
Ostwald piocess, 730 
Oxalic acid, 618 
Oxidation, 27, 170 
Oxides, 49 
In natuio, 354 
Of nitiogcn, 137 
Reduction, 355 

Relation to acids and ba^es, 103, 
164 

Oxidized silver, 470 
Oxidizintr .ig( nt 47 
In iu.lU hc', il2 
Oxidizing flame, 343 
Oxone, 41, 375 
Oxyacetylene flame, 05, 819 
antimoiiA, 32t) 

\ 336 

Oxygen, 33fl. 

Absorption hy silver, 470 
Distinguished iioin nitrous oxide, 
141 

From liquid air, 51 
In acids, 149 

In atmosphere, 33, 46, 74, 7S 
Oxyhydrogen blowiiipe, 65 
Ozone, 52 ff., 895 

Paint, 411, 459 ff , 822 ff 
Painter^s colic, 456 
Palmitic acid, 611 
Palmitm, 558 
Pancreatic juice, 550 
Papaverine, 937 
Paper, 851 ff. 

Filter, 91, 805 
Medicated, See Chartae 
Paprika, 657 
Paraffin, 808 
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Paraform, 895 
Paregoric, 937 
Pans blue, 429 
Paris green, 895 
Passive iron, 420 
Paste pencils, 912 
Patent flour, 627 
Patent leather, 879 
Patent medicines, 914 ff. 

Patio process for silver, 475 
Pauling process, 725 
Peach flavor, 618 
Pearlash, 387 
Peas, 622, 722 
Peat, 255, 791 
Pentachlorethane, 784 
Pepper, 665 

Percentage composition, 56 
Perchlorates, 155 
Perch lorcth^4 one 784 
Pen hlo’if* 155 
Perhydrol, 895 

Periodic classification of elements, 
538 ff. 

Periodic law, 537 
Permanent hardness, 116 
Pemutite, 401 
Peroxide, hydrogen, 121 fl. 

Sodium, 375 
Petroleum, 807 ff. 

Petroleum spirit, 834 
Pewter, 452 
PhaUm, 934 
Phenacetm, 921 
Phenic acid, See Carbolic acid 
Phenol, See Carbolic acid 
Phenolphthalem, 175 
Philosopher’s wool, 499 
Phosgene, 957 
Phosphates, 305, 306, 314 
Normal, 161 
Primary, 161 
Rock, 305 
Secondary, 161 
Slag, 417 
Tertiary, 161 
Tricalcium, 305 
Phosphatic slag, 716 
Phosphor bronze, 472 


Phosphoric acid, 314 
Phosphorus, 305 fl. 

And air, 308 
Bromide, 308 
In bones, 305 
In fertihzers, 715 fi. 

In foods, 546, 622 
Iodide, 308 
Pentoxide, 313 
Photography, 478 
Photosynthesis, 550 
Physical, change, 6, 8 
Division, 11 
Properties, 4 
States, 3 
Physics, 2 

Physostigmme salicylate, 911 
Picric acid, 948 
Pig iron, 415 
Pigments, 836 ff. 

Pills, 912 
Pilocarpine, 937 
Pineapple flavor, 618 
Pmtsch gas, 821 
Piperme, 937 

Plants, and carbon dioxide, 39 
And nitrogen, 719 
And phosphorus, 715 ff. 

And potassium, 380, 709 
And silica, 706 
Plaster, dental, 404 
In medicme, 912 
Of Paris, 404 
Platinic chloride, 490 
Platmoid, 433 
Platinum, 487 
Alloys, 489 
And aqua regia, 488 
And sulphur dioxide, 298 
And sulphuric acid, 298 
Chloride, 490 
Spongy, 488 
Substitute for, 489 
Plum flavor, 618 
Plumbago, 246 
Poisons, 929 ff. 
Polysaccharides, 549 
Porcelain, 449 
Porch gray, 844 
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Portland cement, 405 
Pot for glass making, 352 
Potash, red prussiate, 429 
Yellow prussiate, 429 
Potassium, 380 ff. 

Acid tartrate, 638 
Alum^ 448 
Aluminate, 441 
Antimonyl tartrate, 934 
As a fertilizer, 709 ff 
Bromide, 383 
Carbonate, 387 
Chlorate, 386 
Chloride, 383 
Chlorplatinate, 490 
Chromate, 522 
Chrome alum, 448 
Cyanide, 388 
Dichromate, 523, 758 
Fcrricyanidc, 389, 429 
Fcrrocyamde, 429 
Fluoride, 383 
Halogen salts, 383 
Hydroxide, 384 
Iodide, 383 
Manganate, 528, 529 
Nitrate, 385 
Pe^mamr^nrt#^ 528, 895 
('’'’o' ^ 490 

vSulphate, 709 
Sulphocvanatc, 430 
Pottery, 449 
Poultices, 912 
Powder, gun, 385 

Powders in medicines, 900, 912 
Precipitate, 91 
Precipitation, 91 
Prefixes, metric, 31 
Preservatives, commercial, 697 
Household, 696 
Pressure cooker, 896 
Pressure, normal, 79 
Primuhne, 761 

Problems, 32, 56, 68, 83, 109, 125, 
148, 176, 192, 213, 240, 281 
304, 337, 353, 396, 412, 438, 
464, 491, 516, 534 
Products, 186 
Addition, 278 


Of combustion, 196 
Substitution, 278 
Weight of, 109 
Propane, 271, 275 
Properties of matter, 4, 5 
Proportion, 109 
Proprietary mediemes, 914 fi. 
Propyl, 275. 

Propylene, 275 
Protargol, 895 

Protectives, in medicine, 901 
Proteins, 547, 574 
Diffc-tion. 595, 608 
In wool^ Keratm 
Occurrence in foods, 621 
Relative value m the diet, 576 
Requirement, 582 
Proximate analysis, 28 
Prussian blue, 429, 841 
Prussiate of potash, red, 429 
Yellow, 429 
Puddling, 417 
Pulp, paper, 852 ff. 

Purgatives, 905 
Purification, of sewage, 891 
Of water, 120 
Purple of Cassius, 486 
Putty, 401 
Pyralin, 352 
Pyrite, 414, 428 
Pyrogallic acid, 78, 478 
Pyrolusite, 527 
Pyrometric cones, 819 
Pyroxylin dyes, 811 
Pyrozone, 895 
Pyrrhotite, 414, 431 

Quadrivalent elements, 21 
Radicals, 155 
Qualitative analysis, 28 
Quantitative analysis, 28 
Quantitative equations, 109 
Quartz, rose, 351 
Sand, 347 
Smoky, 351 

Quebracho wood, 758, 875 
Quicklime, 402 
Quicksilver, See Mercury 
Quinine, 937 
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(^iuiKjun alent elements, 21 

lUulicals, 154, 155 
Radium, 530 
Rag pulp, 852 
Ram water, 116 
Ramie, 748, 820 
Ranciclity of fatb, 558 
Raspbenv flavor, 618 
Raw, Imtaced oil, 828 
Lumber, 842 
Reaction, 26, 185, 187 
Acid, 150 
Alkaline, 150, 151 
At low temperatures, 82 
Common, 187 
Revei'Mlile, 188 
Realgar, 8ec Arsenic sulphide 
Red, dog, 627 
Fire, 410 
Lead, 458 
Pepper, 657 
839 

ILlria. j:, 47 
Of oxides, 187 

Of three element compounds, 187 
Reducing, agent, 355 
Flame, 343 

Refining petroleum, SOS ff. 
Reenforced concrete, 406 
Relation, of chemistry to physics, 2 
Of gaseous volume to temperature 
and pressure, 83 

Of volume and mass of gases, 213 
Removal, of grea'^e, 785 
Of mk, 781. 780 
Of stains, 785 
Replaceable hjxlrogcn, 159 
Resms, 848 

Re'-'istancc, electrical, 356 
Resorcinol, 910 
Respiration, 76 

Reverberatory furnace, 355, 371, 
418, 467*' 

Reverted phosphate, 715 
Rharanose, 548 
Rhea, 748 
Rhigolene, 808 
Rhubarb, 905 
Ricimne, 937 


aie to section'' 

Rinmann’s green, 840 
Rochelle salt, 639 
Rock, civstal, 347 
Oil, 807 ff 
Phosphate, 305 
Roll sulphui, 283 
Roman yellow', 838 
Roof tiles, 449 
Rose's alloy, 335 
Rosm oils, 830 
Rosin spiiit, 834 
Rosolic acid, 175 
Rouge, 423 
Royal blue, 841 
Ruben's brown, 842 
Ruby, 444 ^ 

Rusting of iron, 420 
Rye fioui, 650 

Sacchaiin, 581 
•Safety, lami), 48 
Matches. 312 
Saffron, 667 
Sage, 667 

Sal ammoniac. See Ammonium 
chloride 

•Saleratus, See Soda 
Salicm, 938 
Salicylic acid, 612, 895 
As* a disinfectant, 897 
As a preservative, 618, 702 
Salt, as a glaze, 449 
Common, 366 
Glauber's, 369 
Rochelle, 639 
‘^altpete^, Chile, 376 
In food- 696 
Salts, 25, 156 
Acid, 161 

Action on litmus, 156 
Ammonium, 390 
And ionization, 101 
Basic, 161 

Classification of, 101 
Conditions foi forming, 157 
Effervescent, 912 
Epsom, 496 

Formation of msoluble, 166 
Formation of soluble, 165 
General properties, 156 
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In the ocean, 3 18 

Namirifi; of, 178 

Normal, IGl 

Of the alkaline metals, 862 
Sand, 847 

And hydrofluoric acid, 350 

In glass making, 352 
Sandaiac, 848 
Sandstone, 347 
Sanitas, 895 
Santonin, 934 
Saponification, 769 
Saponins, 938 
Sapphire, 444 
Saturated compounds, 275 
Savin, 934 
Savory, 667 
Saxony blue, 841 
Schcelc’s green, 840 
SchonhciT piocess, 725 
Schoop ])roccss, 500 
Schwcinfurt green, 840 
Scopolamine, 937 
vSocivatei, 118 

Scbacyhc other, See Ktlnl sehacate 
Secondary }ihosj)hates, 161 
Sedatives, 930 
Segar cones, 839 
Semi-smokeless powdei, 954 
Senna, 905 
Septic tanks, 892 
Septivalent elements, 21 
Sericin, 738 

Series, homologous, 272 

Periodic, 538 fi 
Serpek process, 729 
Serums, 912 

Sexivalcnt elements, 181 
Sewage, 890 if. 

Sewer gas, 890, 934 

Sewer pipe, 449 

Shale, spirit, <8;34 

Sheffield derma n silver, 433 * 

Shellac, 848 

Sherardi;?:mg, 500 

Shoddy, 743 

Shot metal, 318 457 

Sicilv sulphur from, 282 

^^idei lan ollov , 838 


Siderite, 414 
Silica, 347 
And plants, 706 
vSihcates, 155 
Silicic acid, 350 
Silicon, 345 ff. 

Bronze, 472 

Carbide, Sec Carborundum 
Dioxide, 347 ff 
In food, 546 
Silk, 737 ff 
Artificial, 739 fi. 

Dyeing, 755, 758 
Silver, 474 fi 
Alloys, 485 
Bromide, 478 
Chloride, 477 
Coins, 485 

Compounds and light, 477, 478 

Fine, 476 

German, 433 

Nitrate, 477, 895 

Oxide, 476 

Peroxide, 476 

Phosphates, 315 

Plating, 480 

Salts in photography, 478 
Sulphide, 289 

Silverware, blackening of, 476 
Silver white, 837 
Sinalbin, 938 
Sinapine, 937 
Siphon, 91 

m’, 860 

S m 910 

'-■ij:. 716 

BricKs, 4u5 
Cement, 405 
Slaked lime, 402 
Slate, 449 

926 

-M .1,893 
fomalt, 437, <b4I 
Smaltite, 435 
Smelly feet, 928 

Smelting, vSee under vaiiiiis metals 
Smithsonite, 498 
Smokeless powder, 954 
Smoke screens, 964 
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Sneezing gas, 960 
Soap, 766 ff 
xAnd hard water, 772 
An emulsifying agent, 772 
Boiling piocess, 769 
Cold process, 768 
Crutchmg, 769 
Disinfecting, 771 
Dry cleanmg, 771, 783 
FiUed, 770 
Floating, 771 
Hard, 768 ff. 

Laundry, 771 
Loaded, 770 
Medicated, 771 
Mottled, 770 
Potassium, 767 
Powder, 771 
Sodium, 767 
Soft, 771 
Toilet, 771 
Transparent, 768 
Soda, 370 
Ash, 371 
Baking, 373 
Cellulose, 857 
Crystals, 371 
Lime, 128 
Washmg, 370 
Water, 263, 694 
Sodium, 363 ff. 

Acid carbonate, 373, 637 ff 
Acid phosphate, 640 
Alurn,^ 448 

Aluminum sulphate m baking 
powder, 639 
Amalgam, 359 
And water, 61, 365 
Benzoate as a disinfectant, 895 
Benzoate as a preservative, 700 
Benzoate, physiological effect, 700 
Bicarbonate, 373 
Bromide, 230 
Carbonate, 370 ff. 

Chloride, 366 E 
Cl^ome alum, 448 
Dichromate, 758 
Dioxide, 375 
Hydroxide, 374 


Hyposulphite, 379, 478 
lodate, 234 
Iodide, 234 
Monoxide, 375 
Nitrate, 376, 943 
Oxalate, 187 
Oxides, 375 
Peroxide, 375 
Phosphates, 377 
S‘-l'( ,-lrAo 702 
37S 

Sulphate, 369 
Sulphide, 371 
Tetraborate, 339 
Thiosulphate, 379, 478 
Zincate, 499 
Soft, coal, 255 
Water, 116 
Wheat, 628 
Solder, 452 
Soldering, 340, 503 
Sole leather, 877 
Solid carbon dioxide, 263 
Solids, solution of, 84 
Solubility, degrees of, 88 
Solute, 84 
Solution, 84 ff. 

An aid to chemical action, 99 
And electrolysis, 100 ff. 
Chemical action in, 94 
Color of, 87 
Concentrated, 85 
Degree of solubility, 88 
Dilute, 85 

Electiolytic theory of, 100, 101 
Heat and, 90, 95 
In medicines, 912 
Limits of division by, 12 
Of gases, 93 ff 
Of liquids, 98 
Parts per 1000, 86 
^Pressure, and, 96 * 

Saturated, 86 
Strength of, 85 
Supersaturated, 86 
Temperature and, 90, 95 
Test for saturation, 86 
Unsaturated, 86 
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Solvay process for sodium carbon- 
ate, 371 
Solvent, 84, 88 
Somniferous poisons, 930 
Soot, 253 

Soothmg syrup. See Paregoric 
Spar, heavy, 411 
Sparlders, 411 

Specific gravity of metals, 356 
Specific heat, 113 
And atomic weight, 337 
Speculum metal, 472 
Sperrylite, 487 
Spices, 651 ff. 

As preseivatives, 696 
iron, 417 

Mi'.ndiaii^coDC 530 
Sp-ur^ 912 
Spirit varnish, 849 
Spirits of hartshorn, See Ammonia 
Sponge dough, 631 
Spongy platinum, 488 
Spontaneous combustion, 48, 805 
Stains, removal of, 785 
Stalactite, 264, 401 
Stalagmite, 264, 401 
Stamp mill, 481 
Standard conditions, 79 
Stannic, chloiidc, 454, 758 
Oxide, 453 

Stannous, chloride, 454, 758 
Oxide, 453 
Starch, ^50 
Corn, 551 

In baking powders, 638 
Occurrence in foods, 550 
Potato, 551 
Rice, 551 
Solubility, 551 
Wheat, 551 
Steam, 113 
Steapsin, 608 
Stearic acid, 611 
Stearin, 558, 564 
Steel, 417 
Alloys, 421 
Aluminum, 421 
And iron compared, 419 
Bessemer, 417 


Cementation, 416 
Chrome, 421 
Crucible, 418 
Manganese, 421 
Nickel, 421 
Open hearth, 418 
Titanium, 421 
Vanadium, 421 
Sterilization by heat, 896 
Sterling silver, 476 
Stibine, 328 
Still dilubiles, 912 
Stimulants, 932 
Stomach tube, 934 
Stoneware, 449 
Stone yellow, 838 
Stovaine, 902 
Stove polish, 248 
Straight, dough, 631 
Flour, 627 

Straw, dyeing of, 757 
In paper making, 851 
Strawberry flavor, 618 
Strontium, 409 ff 
Hydroxide, 410 
Nitrate, 410 
Oxide, 410 
Permanganate, 89 
Sulphate, 837 
Sulphide, 411 
Strychnine, 937 
Sublimate, corrosive, 512 
Sublimation, 92 
Subnitrate of bismuth, 336 
Substitution, 27 
Products, 278 
Sucrose, See Cane sugar 
Succinic acid, 618 

Ether, See Ethyl succinate 
Sugar, See Cane sugar 
Of lead, See Lead acetate 
Bulfopone, 837 
Sulphated oil, 758 
Sulphates, 300 
Acid, 300 
Normal, 300 
Sulphide dyes, 752, 763 
Sulphides, 289, 354 
As preservatives, 699 
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Sulphite cellulose, 
feulphites, 302 
Sulphur, 282 ff 
As a bleaching agent, 293 
As a preservative, 699 
Sulphuretted hydrogen, See hydro- 
gen sulphide 

Sulphur monochloiide, 961 
Sulphuric acid, 296 ff , 895 
Sulphurous, acid, 302 
v^ulphydnc acid, 287 
vSumac, bl5, 758, 875 
Superphosphates, 715 
Supersaturated solution, 86 
Sunportcr combustion, 44 
Suppo^iToiiO", 912 
Suspension, 91 
Sylvite, 380 
Symbols, 21 

Sympathetic ink, 437, 869 
Synthesis, 27 
Syrups, 912 

Table, absolute temperature, centi- 
grade temperature and volume, 

83 

Activitv, chemical, 36 
Alloys for coinage, 485 
Alluminum alloys, 443 
AUummum, tm and lead com- 
pared, 439 

Aqueous vapor tension, Appen- 
dix, table 1 

Atopaic weights, 21, App 26 
Barium, calcium and strontium 
compared, 397 

Barometer corrections, App. 1, 2, 
3, 4, 5 

Bismuth alloys, 335 

Borax beads, 343 

Boyle's law, variations from, 83 

Brightness of light sources, App. 

23 

Cadmium, magnesium, zme and 
mercury compared, 492 
Calcium, barium and strontium 
compared, 397 
Chemical activity, 36 


Chiomium and manganese com- 
pared, 517 

Cobalt, nickel and iron com- 
pared, 413 
Coinage allovs, 485 
Combinations, common, ISO 
Combustion, heat of, App. 22 
Copper allovs, 472 
Copper nickel alloys, 433 
Copper, silver and gold compared, 
465 

Critical temperature of gases, 
App 9 

Degree of holubility, 88 
Elements, common, 21 
Elements, complete, App. Back 
covei, 26 

Elements, m the sea, 118 
Elements, most abundant, 22 
Freezing mixtures, App 21 
Fusible metal mixtures, App. 20 
Gold, copper and silver compared, 
465 

Halogens compared, 239 
Hardness, relative, App. 10, 11, 
12 

Heat of combustion, App. 22 
Hydrocarbon derivatives, 280 
Indicators, 175 

Iron, nickel and cobalt compared, 
413 

Iron and steel compared, 419 
Lead alloys, 457 

Lead, aluminum and tin com- 
pared, 439 

Light, brightness of various 
sources, App 23 

Lithium, sodium and potassium 
compared, 361 

Magnesium, zinc, cadmium and 
mercury compared, 492 
Manganese and chromium com- 
pared, 517 

Melting points, App. 17, IS 
Mercury, zinc, magnesium and 
cadrnium compared, 492 
Mercury vapor tension, App 2 
Metallic elements, sources and 
compounds, App 25 
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Metric weights and measures, 31 
Mordants, 758 

Nickel, iron and cobalt compared, 
413 

Nitrogen oxides compared, 191 
Oceanic salts, 118 

compounds, App 24 
I ■•(' of most abundant 
elements, 22 

Percentage of water m crystals, 
115 

Periodic, 538 

Phosphorus, yellow and red com- 
pared, 311 

Platinum substitutes, 489 
Potassium, sodium and lithium 
compared, 361 
Radicals, 155 

Sea water, composition, 118 
Silver, copper and gold compared, 
465 

Solubility, 88, App. 6, 7, 8 
Steel alloys, 421 

Strontium, calcium and barium 
397 

r.b'-i- 21, App. Back cover, 26 
'I'fi f ...M ngth, App. 19 
Tin alloys, 452 

Tin, aluminum and lead com- 
pared, 439 
Triads, 535 

Valence, 21, App. Back cover, 26 
Variations from Boyle's law, 83 
Water of crystalhz;ation, per- 
centage, 115 
Zinc alloys, 500 

Zinc, magnesium, cadmium and 
mercury compared, 492 
Tablets, 912 
Tallow, 611 
Tankage, 721 
Tannic acid, 616, 758 
In coffee, 678 
In tea, 685 
Tanning, 871 ff. 

Materials, 875 
Tannins, 693, 938 
Tar, coal, 813 


Tartar, crude, 613 
Emetic, 934 

Tartaric acid, 613, 618, 895 
In bakmg powder, 638 
Tartrates, 155 
Tea, 682 ff 
Tear gases, 959 
Temper, 421 
Temperature, high, 819 
Kindlmg, 48 
Measurement of, 32 
Standard, 79 

Temporary hardness of water, 116 

Tenacity, 356 

Tensile strengths, App. 19 

Terra cotta, 449 

Tests, 28 

Tetraborates, 155 

Tetrachlorethane, 784 

Textile pnntmg, 751 

Thebaine, 937 

Theobromine in chocolate, 578 
Theory, atomic, 15 
Electrolytic dissociation, 100 ff. 
208 ff. 

Electron, 20, 531 
Ionic, lOOff. 

Thermal equation, 196 
Thermit, 442 
Thinners in paint, 831 ff. 

Thomas slag, 417 
Thyme, 667 
Thymol, 910 
Tile, drain, 449 
Roof, 449 
Tin, 450 
Alloys, 452 
Crystals, 454 
Dioxide, 453 
Plate, 452 
Stone, 450 

See also Stannic and Stannous 
Tinctures, 912 
Tinware, 452 
T. N. A., 947 
T. N. T , 947 
T, N. X., 947 
Tobacco, 935 ff. 

Tonics, hair, 924 
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Tonka, 669 

Topaz, 444 

Toxyl, 947 

Tnacid base, 160 

Tribasic acid, 158 

Trichlorethylene, 284, 784 

Trichlormethane, 902 

Tri chi or of ^ y ^ or of o r m a t ^ 959 

T nn'. Lro.i r ’ 1 .n< , 9-7 

rp^;^ - ft- r ’*1 948 

T’- 947 

Trinitroxvlol, 947 
Tripoli, 351 
Triturations, 912 
Tri valent, elements, 21 
Radicals, 155 
Troches, 912 
Trunnions, 417 
Trypsin, 608 
T SheU, 959 
Turkey red oil, 758 
Turmeric, 175 
Turnbull’s blue, 430 
Turpentme, 832 ff 
Turquoise, 444 
Tuyeres, 415, 467 
Type metal, 457 

Ultramarine, 841 
Umber, burnt, 842 
Raw, 842 
Unguenta, 912 
Union by volume, 240 
Univalent, elements, 21 
Radicals, 155 

Unsaturated compounds, 275 
Urine 906 
Urotropin, 895, 906 
U. S. P. chemicals, 913 

Vaccines, 912 
Valence, 21, 177 ff. 

Of elements, 21, 181, 182, App. 
Back cover, 26 

Of thenon-metalin a radical, 184 
Of radicals, 183 

Table, 21, App Back cover, 26 
Valonia, 875 
Vandyke brown, 842 


Vanilla, 669 
Vanillm, 669 
Vapor density, 353 
And molecular weight, 353 
Variations from Boyle’s law, 83 
Varmshes, 846 

Vegetable matter and coal, 255 
Vegetable poisons, 930 
Vegetables, as food, 621 
Venetian red, 423, 839 
Verdigris, 473, 840, 895 
Vermilion, 515, 839, 870 
Vma, 912 

Vinegar, as a preservative, 696 
Eels, 610 
Viruses, 912 
Vitammes, 605 
Vitriol, blue, 472 ff 
Green, 426 
on of, 296 ff. 

White, 505 

Volume and mass of gases, 213 
Union by, 240 

Volumetric composition, of air, 74 
Of water, 112, 209 
Vulnerants, 930 

Wafers, 912 
Washable paint, 845 
Washing soda, 370 ff. 

Wash leather, 881 
Water, 110 
Action of soap, 772 
Baryta, 411 
Chlorme, 221, 222 
Electrolysis, 209 
Gas, 61 
Glass, 378 

Hydrogen sulphide, 288 
In air, 77 
In foods, 619, 621 
Softenmg by chemicals, 782 
Watermarks in paper, 863 
Waterproof, paint, 845 
Textiles, 750 
Water vapor, 113 
In atmosphere, 77 
Weight, atomic, 21, App. Back 
cover, 26 
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To find, 337 
Weights, molecular, 56 
Welding iron, 417 
Wheat, grades of, 628 
Grinding, 626 
Importance of, 623 
Kernel, 625 
White, arsenic, 319 ff. 

Cast iron, 417 
Damp, 273 
Lead, 460 ff 
Metal, 452 
Mustard, 663 
Paint, 459 
Pigments, 837 
Vi&iol, 505 
Whitewash, 403 
Whiting, 401 

Whole wheat flour, 627, 650 
Williams process, 642 
Wines, 912 
Woad, 938 
Wolfsbane, 937 
Wood, distillation of, 610, 695 
Dyeing of, 757 
Pulp, 853 
Wood^s alloy, 335 
Wool, 741 ff. 

Dyeing of, 754, 758 


Wort, 635 

Wove paper, 862 

Wrought iron, 417 

Wynn and Powell process, 739 

Xantho-proteic test, 645 

Xenon, 74 

Xylyl bromide, 959 

Yeast, action on sugar, 636 
Action on wort, 635 
Use as a leavenmg agent, 631 ff. 
Wild, 633 

Yellow pigments, 838 

Zaflre, 841 
Zinc, 498 ff 
Alloys, 500 
Amalgam, 200 
Blende, 498 
Chloride, 503 
Ethyl, 274 
Hydroxide, 502 
Peroxide, 895 
Sulphate, 505 
Sulphide, 504 
White, 501 
Zincates, 502 
Potassium, 60 
Sodium, 60, 502 



